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PREFACE 


This  report  was  prepared  by  the  Electronic  Properties  Information  Center  (EPIC) 
of  the  Center  for  Information  and  Numerical  Data  Analysis  and  Synthesis  (CINDA8) , 

Purdue  University,  West  Lafayette,  Indiana,  and  has  been  supported  Jointly  by  the  Office 
of  Standard  Reference  Data  (OSRD) ,  National  Bureau  of  Standards  (KBS),  and  die  Defense 
Supply  Agency  (DSA) ,  U.  S.  Department  of  Defense. 

To  generate  reference  values  on  optical  constants  is  one  of  the  data  tables  activities 
of  EPIC.  This  project  was  chosen  not  only  because  it  ranked  high  in  the  user  inquiries 
received  by  EPIC  but  also  because  of  the  expected  future  demand  for  such  data  in  view  of 
the  growth  of  high  power  lasers  and  other  applications.  The  materials  covered  initially 
in  the  optical  constants  project  are  the  alkali  halides.  This  group  is  chosen  because 
they  are  of  great  current  interest  and  importance  in  that  they  are  among  the  moat  promising 
laser  window  materials  for  high  power  lasers. 

This  report  reviews  the  recorded  world  knowledge  in  a  most  comprehensive  and 
detailed  form  making  it  possible  for  all  serious  users  of  the  subject  to  have  access  to 
the  original  data  without  having  to  duplicate  the  laborious  and  costly  process  of  litera¬ 
ture  search  and  data  extraction.  It  is  quite  appropriate  at  this  point  to  mention  that  only 
original  sources  of  data  have  been  used  in  this  analysis.  For  the  active  researchers 
in  the  field,  a  detailed  discussion  is  presented  for  each  material,  reviewing  the  individ¬ 
ual  pieces  of  available  information  together  with  the  considerations  used  by  the  author 
in  arriving  at  the  final  assessment  and  recommended  values. 

The  effort  of  literature  search  for  the  refractive  index  of  alkali  halides  has  a 
cut-off  date  of  March  1975.  However,  CINDAS  monitors  and  retrieves  the  world  liter¬ 
ature  on  a  continuing  basis  and  the  state  of  knowledge  on  the  refractive  index  of  alkali 
halides  is  being  kept  on  a  current  basis,  and  the  recommendations  will  be  evaluated  and 
revised  whenever  deemed  necessary. 

The  author  is  keenly  aware  of  the  possibility  of  omissions  or  errors  which  may 
be  encountered  in  a  work  of  this  scope.  We  hope  that  these  faults  will  not  be  judged  too 
harshly  and  that  we  will  receive  the  benefit  of  suggestions  regarding  references  omitted, 
improvements  in  presentation,  and,  most  important,  any  inadvertent  errors. 

While  the  inreparation  and  continued  maintenance  of  this  work  is  the  responsibility 
of  EPIC'S  Data  Tables  Division,  this  work  would  not  have  been  possible  without  the  direct 
input  of  CINDAS'  Scientific  Documentation  Division.  Invaluable  suggestions  and  guidance 


come  from  Dr.  I.  H.  Malitson  of  the  Optical  Physics  Division,  Institute  for  Basle  Stand¬ 
ards,  National  Bureau  of  Standards,  and  Mr.  L.  A.  Harris  of  the  Research  Materials 
Information  Center,  Oak  Ridfe  National  Laboratory,  during  their  visits  to  CINDAS.  A 
large  part  of  the  data  extraction  and  organisation  was  carried  out  by  Dr.  J.  B.  Lee 
daring  tee  early  stages  of  the  work.  Their  contributions  are  hereby  gratefttlly  acknowledged 
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ABSTRACT 

Refractive  index  data  for  alkali  halides  are  exhaustively  surveyed,  compiled, 
and  analyzed.  Recommended  values  at  293  K  for  the  transparent  region  are  generated 
for  the  materials  for  which  experimental  data  are  sufficiently  abundant  and  reliable. 
Provisional  or  typical  values  are  also  provided  for  the  wavelength  regions  where  avail¬ 
able  data  are  insufficient  or  missing.  Reasonable  estimations  of  refractive  index  for 
the  very  scantily  measured  materials  were  made  by  incorporating  the  dielectric  constants 
and  wavelengths  of  absorption  peaks  into  a  simplified  dispersion  equation. 

Temperature  derivatives  of  refractive  index  for  most  of  the  alkali  halides  were 
unavailable.  However,  using  the  existing  data  for  the  five  alkali  halides,  novel  empir¬ 
ical  facts  were  discovered  and  dn/dT  formulas  were  constructed  for  all  of  the  alkali 
halides.  The  calculated  dn/dT  values  agree  remarkably  well  with  the  existing  experi¬ 
mental  data. 


Key  Words:  refractive  index;  temperature  coefficient  of  refractive  index;  optical  constants 
alkali  halides 
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1.  INTRODUCTION 


The  purpose  of  this  work  is  to  present  and  review  the  available  data  and  information 
on  the  refractive  index  of  alkali  halides,  to  critically  evaluate,  analyse,  and  synthesize 
the  data,  and  to  make  recommendations  for  the  most  probable  values  of  die  refractive 
index,  its  wavelength  derivative  dn/dx,  and  temperature  derivative  dn/dT. 

The  recommended  (including  provisional  and  typical)  values  generated  cover 
the  widest  possible  transparent  wavelength  ranges  and  are  for  the  purest  form  of  each 
alkali  halide  for  which  measurements  have  been  made.  However,  for  the  materials  which 
have  been  very  scantily  measured  or  have  not  been  measured  at  all,  reasonable  estima¬ 
tions  are  made  for  wide  wavelength  ranges. 

This  work  is  organized  in  five  distinct  sections;  namely:  an  introductory  text, 
the  theoretical  background,  the  data,  the  conclusions,  and  the  references. 

The  introductory  text  describes  the  general  procedures  and  methods  for  the 
evaluation  and  synthesis  of  the  available  data  and  for  the  generation  of  recommended 
values.  It  also  discusses  the  present  status  of  the  experimental  data  and  other  consid¬ 
erations  concerning  the  body  of  data. 

In  the  theoretical  background  section,  the  general  theory  of  the  refractive  index 
and  its  temperature  derivative  is  discussed.  Correlations  of  the  dielectric  constants 
and  the  refractive  index  are  described.  An  important  result  in  this  work  is  the  discovery 
of  empirical  relationships  which  enable  us  to  calculate  dn/dT  data  at  293  K  for  some  ma¬ 
terials  on  which  no  data  are  available. 

In  the  data  presentation  section  we  treat  each  material  separately,  review  the 
individual  pieces  of  available  data  and  information,  and  describe  the  considerations  in¬ 
volved  in  arriving  at  the  final  assessment  and  recommendation  and  the  theoretical  guide¬ 
lines  or  semi- empirical  correlations  on  which  the  data  analysis  and  synthesis  are  based. 
Figures  and  tables  following  the  discussions  present  the  recommended  values,  in  addition 
to  the  original  data,  specimen  characterization,  and  measurement  information  for  foe 
288  sets  of  foe  data  extracted  from  100  documents  in  foe  primary  literature.  Distribution 
of  foe  available  data  sets  is  shown  in  Table  1. 

In  foe  conclusion,  figures  are  presented  in  which  all  the  recommended  curves 
on  the  refractive  index,  dn/dX  and  dn/dT  are  grouped  in  order  to  a  visual 

comparison.  The  accomplishments  in  this  work  are  discussed  and  the  need  for  Anther 

measurements  is  suggestsd. 
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The  last  section  consists  of  the  source  references  used  in  the  extraction  of  data 
and/or  information.  Only  original  sources  of  data  have  been  used  in  the  analysis.  The 
effective  cut-off  date  for  literature  research  was  March  1975,  while  the  earliest  ref¬ 
erenced  source  was  dated  1874. 

For  a  transparent  material,  the  refractive  index,  n,  is  defined  as  the  ratio  of 
the  velocity,  o,  of  electromagnetic  radiation  in  vacuum  to  the  phase  velocity,  v,  of  the 
same  radiation  in  the  material,  i.  e. , 

n  =  e/v.  ( 1) 

Since  the  index  of  refraction  of  air  is  only  about  1. 0003,  n  is  conventionally  measured 
with  respect  to  air  instead  of  vacuum  and  no  correction  1b  made. 

In  non-absorbing  media,  the  refractive  index  is  a  real  quantity,  while  in  absorbing 
media  a  complex  index  of  refraction,  N,  is  used.  The  complex  index  is  defined  as 

N  =  n+iK,  (2) 

where  K  is  the  extinction  coefficient  or  absorption  index.  Both  n  and  K  are  frequency 
dependent.  The  real  and  imaginary  parts  of  the  square  of  the  complex  refractive  index 
are  the  real  and  imaginary  parts  of  the  complex  dielectric  constant  of  the  material,  1.  e. , 

€  =  Ci  +  Uj  =  N*  *  (n*-K*)  +  i  2nK.  ( 3) 

The  dispersion  in  an  optical  material  is  intimately  related  to  the  microscopic 
structure  of  the  material.  On  the  short  wavelength  side,  transmission  is  restricted  by 
electronic  excitation,  and  for  long  wavelengths  by  molecular  vibrations  and  rotations. 

The  width  of  the  transparent  spectral  range  Increases  as  the  energy  for  electronic  exci¬ 
tation  is  increased  and  that  for  molecular  vibrations  decreased.  Theoretical  and  ex¬ 
perimental  studies  on  the  ionic  crystals  indicate  that  crystals  having  small  ions  with 
strong  bonding  have  a  wide  ultraviolet  transparency;  this  is  true  for  alkali  halides. 

The  alkali  halides  are  typical  ionic  compounds  and  their  physical  properties  are 
in  general  well  understood.  The  majority  of  the  alkali  halides  crystallise  in  the  rock 
salt  structure  in  which  each  cation  (alkali  metal  ion)  is  surrounded  by  six  nearest-neighbor 
anions  (halogen  ions) ,  and  each  anion  by  six  nearest-neighbor  cations.  The  cations  and 
anions  are  each  situated  on  the  points  of  separate  face-centered  cubic  lattices,  and  these 
two  lattices  are  interleaved  with  each  other.  This  type  of  crystal  is  called  the  /Mora. 

A  few  of  the  alkali  halides  normally  crystallise  in  a  slightly  different  arrangement,  typ¬ 
ified  by  the  room -temperature  structure  of  cesium  chloride.  In  this  structure,  each 
cation  is  surrounded  by  eight  nearest-neighbor  anions  and  conversely.  The  cations  and 
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anione  la  Ola  atructure  may  be  considered  to  occupy  respectively  the  potata  of  two  inter¬ 
penetrating  simple  cubic  lattices.  This  type  of  crystal  is  called  the  a -form.  A  few 
physical  properties  of  alkali -halide  crystals  are  listed  In  Table  2. 

In  order  to  utilise  any  dispersive  medium,  spectroscopista  must  have  a  knowledge 
of  the  index  of  refraction  and  dn/dX  for  all  wavelengths  transmitted  by  the  medium.  Such 
data  are  also  useful  to  physicists  for  evaluating  theoretical  dispersion  equations  and  for 
studying  the  forces  between  the  constituents  of  the  crystal.  The  halides,  haviag 

the  cubic  structure,  are  favorable  subjects  for  such  studies. 

In  Fig.  1,  we  show  a  schematic  view  of  the  absorption  spectrum  of  a  typical  alkali 
halide  crystal.  At  the  right  (~40  ji m)  are  seen  the  absorption  peaks  associated  with 
optical  phonons  while  nearer  to  the  left  (~0.15  jjm)  are  seen  the  absorption  peaks  asso¬ 
ciated  with  eaoitons.  In  the  transparent  region  between  these  extremes  the  crystal 
absorbs  little  light  and  has  a  dispersion  which  can  be  characterised  by  a  high-frequency 
dielectric  constant  «uy  =  n,*,  where  %  is  the  refractive  index  at  short  wavelength.  In 
absorbing  regions  of  the  spectrum,  the  Imaginary  part  of  c  is  non-sero.  Both  the  real 
and  imaginary  parts  of  c  can  be  obtained  from  the  experimental  reflectivity  (preferably 
over  a  wide  range  of  wavelengths)  and  the  use  of  the  Kramers-Kronig  relation  or  die 
Lorents  oscillator  model.  In  optical  technology,  the  refractive  index  la  needed  only  for 
the  transparent  region  of  the  material.  One  does  not  have  to  carry  out  a  complicated 
analysis  and  calculation  to  obtain  the  refractive  Index.  Direct  methods  are  available  for 
high  precision  measurements.  The  minimum  deviation  method  Is  usually  used  to  obtain 
the  refractive  index  to  the  fourth  decimal  place,  and  the  interference  method  to  the  third. 

Although  alkali  halides  are,  In  principle,  good  optical  materials,  only  five  of 
them  ( L1F,  NaCl,  KG1,  KBr  and  Csl)  are  commonly  used  because  fits  otters  lack 
mechanical  strength  or  are  chemically  or  thermally  unstable. 

The  applications  of  high-power  infrared  lasers,  which  are  now  being  developed 
at  a  rapid  rate,  are  partly  limited  by  the  lack  of  suitable  transparent  optical  materials. 
As  a  result,  much  of  the  high -power  laser  research  is  directed  toward  finding  adequate 
high -temper  store  window  and  dome  materials  in  the  wavelength  region  of  2  pa  to  •  pm 
end  near  10.0  /jm.  The  alkali  halides  have  large  transmission  ranges  spi  sailing  from 
the  ultraviolet  to  the  infrared  and  are  available  in  large  slses  and  high  purity.  They 
are  woellent  materials  for  photoebsalsts  who  are  interested  in  ultraviolet  traMparanoy 
and  for  laser  scientists  who  are  ooaoemed  with  infrared  transmission,  fe  sptba  of  their 
intrinsic  weaknesses,  they  are  oonsidsred  good  window  wm and  are  reoeensMnded 
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by  the  National  Materials  Advisory  Board  [1] 1  in  1972.  Efforts  are  being  made  to  im¬ 
prove  their  mechanical  strength  and  thermal  endurance  without  altering  their  optical 
properties,  particularly  the  refractive  index. 

The  refractive  Index  of  alkali  halldeB  and  Its  temperature  derivative  have  been 
surveyed  and  studied  from  time  to  time  by  a  number  of  investigators,  including Smakula 
[2] ,  Ballard  [3] ,  Coblentz  [4] ,  and  Winchell  [5] ,  to  name  just  a  few.  Refractive  index 
data  are  compiled  in  a  number  of  handbooks  such  as  those  sponsored  by  Landolt-Bornstein 
[6] ,  AIP  [7] ,  and  CRC  [6] ,  etc.  However,  their  main  concern  is  to  provide  a  general 
picture  through  a  few  particular  sets  of  data.  The  purpose  of  the  present  work  is  quite 
different  from  that  of  the  above-mentioned  works.  It  has  two  major  aims:  (l)  to  ex¬ 
haustively  search  the  open  literature  so  that  a  complete  comprehensive  bibliographic 
reference  is  compiled,  and  (2)  to  generate  recommended  values  based  on  the  existing 
experimental  data  on  the  refractive  index  and  itB  temperature  derivative,  dn/dT,  so 
that  critically  evaluated  numerical  data  are  available  for  scientific  and  engineering  use. 

Scanning  the  open  literature  one  finds  that  in  most  cases  the  measurements  of 
refractive  index  were  carried  out  at  various  temperatures  and  reduced  to  a  reference 
temperature  chosen  according  to  the  investigators'  preference.  Unfortunately,  the  tem¬ 
perature  derivatives  of  refractive  index  for  alkali  halides  are  in  general  either  only 
partially  measured  or  not  available.  Therefore,  it  is  highly  desirable  to  reduce  the 
existing  refractive  index  data  and  present  them  at  a  uniform  reference  temperature, 
it  is  also  important  that  the  temperature  derivative  of  refractive  index  be  made  available 
in  the  form  of  a  function  of  wavelength  constructed  from  existing  dn/dT  data  and  theory, 
so  that  the  users  can  easily  calculate  the  required  values  over 'a  limited  range  of  tem¬ 
perature. 

The  first  task  in  generating  recommended  values  was  to  analyze  the  data  on  the 
temperature  derivative  of  refractive  index.  With  the  analyzed  values  of  dn/dT,  all  the 
refractive  index  data  were  then  reduced  to  the  reference  temperature  of  293  K  chosen 
for  the  present  work.  The  corrected  data  were  then  subjected  to  evaluation  and  critical 
selection.  Least-squares  fitting  of  the  selected  data  to  a  given  equation  was  then  carried 
out. 

Recommended  values  for  refractive  index  and  the  corresponding  wavelength  and 
temperature  derivatives,  dn/dX  and  dn/dT,  are  calculated  from  the  correlating  equations 
where  sufficient  experimental  values  are  available.  However,  for  the  region  where 


*  Figures  in  brackets  indicate  literature  references  at  the  end  of  this  paper 
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experimental  evidence  la  either  insufficient  or  poor,  only  provisional  or  typical  values 
are  provided.  Data  are  presented  at  integral  wavelengths  with  small  increments  for  the 
transparent  region.  Intermediate  values  can  be  obtained  by  the  following  linear  inter¬ 
polations: 


"m"  “°XT+  (jr).  "T*‘ 


The  second  expression  in  Eq.  (4)  is  based  on  the  fact  that  dn/dT  is  relatively  independent 
of  temperature  over  a  fairly  wide  range  of  temperatures.  However,  the  application  of 
this  expression  should  be  limited  to  the  temperature  range  293  ±  50  K. 

No  attempt  was  made  to  analyze  the  refractive  index  data  obtained  at  temperatures 
other  than  near  room  temperature,  since  the  required  data  are  generally  inadequate. 
However,  information  and  results  belonging  to  this  category  are  listed  along  with  those 
at  room  temperature  for  the  purpose  of  comparison  and  completeness.  Moreover,  some 
of  the  important  physical  parameters  essential  for  the  calculation  of  refractive  indices 
at  low  temperatures  is  also  given  in  a  latter  section. 

Inherent  in  the  character  of  this  work  is  the  fact  that  we  have  drawn  most  heavily 
upon  the  scientific  literature  and  feel  a  debt  of  gratitude  to  the  authors  whose  results 
have  been  used. 
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j  2.  THEORETICAL  BACKGROUND  AND  EMPIRICAL  RELATIONS 

j  The  study  of  the  propagation  of  light  through  matter,  particularly  solids,  comprises 

I  one  of  the  important  and  interesting  branches  of  optics.  The  many  and  varied  optical 

phenomena  exhibited  by  solids  include  selective  absorption,  dispersion,  double  refraction, 
polarization  effects,  and  electro- optical  and  magneto- optical  effects.  Many  of  the  optical 
properties  of  solids  can  be  understood  on  the  basis  of  classical  electromagnetic  theory. 

The  macroscopic  electromagnetic  state  of  matter  at  a  given  point  is  described 
by  four  quantities: 

(1)  The  volume  density  of  electric  charge 

(2)  The  volume  density  of  electric  dipoles,  called  the  polarization 

|  (3)  The  volume  density  of  magnetic  dipoles,  called  the  magnetization 

j  (4)  The  electric  current  per  unit  area,  called  the  current  density 

All  of  these  quantities  are  considered  to  be  macroscopically  averaged  in  order  to  smooth 
out  the  microscopic  variations  due  to  the  atomic  makeup  of  matter.  They  are  related 
to  the  macroscopically  averaged  electric  and  magnetic  fields  by  the  well-known  Maxwell 
equations  [114] . 

Detailed  discussion  of  Maxwell's  equations  is  beyond  the  scope  of  the  present 
work.  What  we  should  bear  in  mind  is  that  the  general  solution  of  Maxwell's  equations 
is  a  wave  function  for  electric  or  magnetic  field.  In  the  treatment  of  the  interaction  of 
t  light  and  matter,  the  light  is  considered  as  an  oscillating  electric  field  that  engulfs  the 

f  component  moelcules  of  matter.  Each  of  the  molecules  may  be  considered  to  be  a  charged 

^  simple  harmonic  oscillator.  When  these  component  oscillators  are  driven  by  the  engulf- 

i  ing  electric  field  of  light  they  become  excited  by  that  field  and  emit  Huygens-like  spherical 

1  wavelets.  In  the  early  development  of  the  theory  of  propagation  of  light  in  matter,  there 

was  no  practical  alternative  to  treating  the  matter  as  a  collection  of  charged  harmonic 
oscillators  subject,  perhaps,  to  damping  forces  Fortunately,  the  modern  developments 
in  the  theory  of  matter  and  its  interaction  with  radiation  have  shown  that  this  simple  model 
has  broad  utility,  and  that  it  can  be  employed  in  the  discussion  of  refractive  indices. 

In  this  section,  only  a  brief  review  of  the  theoretical  background  on  the  refractive 
index  and  its  temperature  derivative  is  given.  A  two- oscillator  model  is  used  to  esti¬ 
mate  the  refractive  index  for  those  materials  on  which  the  index  is  available  only  at  a 
single  wavelength.  Effort  was  largely  concentrated  in  finding  means  for  estimating  the 
(  dn/dT  data  for  the  materials  without  available  data.  Empirical  evidence  was  found  and 

i  formulas  were  constructed  and  used  to  make  reasonable  estimate  for  dn/dT. 
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2.1.  Refractive  Index 


Maxwell's  theory  gives  the  relationship 

n*  =  t  =  1  +  P ,  (5) 

where  n  is  the  refractive  index,  c  the  dielectric  constant,  and  P  the  polarizability.  If  one 
treats  the  material  as  equivalent  to  a  collection  of  harmonic  oscillators  resonant  to  radi¬ 
ation  of  various  wavelengths  X^,  one  can  derive  [114]  the  equation 


n2  -  1  =  £ 
i 


ci*2 

x’-V 


(6) 


where  X  is  the  wavelength  of  the  Incident  radiation,  and  c}  is  a  constant  which  depends  on 
the  number  of  oscillators  per  unit  volume  and  the  "oscillator  strength"  of  the  oscillators 
resonant  at  wavelength  Xj.  Equation  (6)  is  generally  called  the  Sellmeler  formula.  It 
can  be  derived  by  modern  quantium  theory  from  more  sophisticated  models  of  the  solid, 
with  Xj  denoting  the  wavelengths  of  the  various  absorption  bands  of  the  material. 

For  the  transparent  region,  it  was  traditionally  believed  that  the  dispersion  formula 
of  the  Sellmeier  type  best  fits  the  alkali  halides.  The  consequence  oi  this  was  that  most 
of  the  early  experimental  workers  adopted  Eq.  ( 6)  with  the  Xi's  and  c^'s  as  adjustable 
empirical  constants  chosen  only  to  fit  the  data,  with  no  other  experimental  and  theoret¬ 
ical  basis.  Nevertheless,  this  equation,  if  used  correctly,  gives  a  good  deal  of  information 
concerning  the  position  of  absorption  band,  oscillator  strength  and  the  dielectric  constant 
for  static  field,  cB.  . 

For  the  transparent  region,  Eq.  ( 6)  can  be  written  as 


c  =  n2  =  1  +  £ 


a.  X2 


+  £ 


h!L 


l  X*  -  V  3  X*  -  Xj2 


(7) 


Terms  in  the  first  summation  are  contributions  from  the  ultraviolet  absorption  bands 
and  those  in  the  second  from  the  infrared  absorption  bands.  In  the  Infrared  region,  how¬ 
ever,  the  Xj's  of  UV  absorption  peaks  are  much  less  than  \  and  Eq.  ( 7)  is  reduced  to 


<-<uv+E 


tf-y' 


(8) 


where  <uy  -  1  +  £Sj  ■c|  -  £h.  is  the  high-frequency  dielectric  constant. 
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Real  crystals  are  neither  perfectly  linear  dielectrically,  nor  are  they  perfectly 
harmonic.  The  effect  of  non-linearity  and  anharmonicity  is  to  introduce  a  damping 
term  {13] .  Equation  (8)  is  extended  to  become 

b.  X2 


e  =  fi  +  i*2  =  * . 


1  r  j  >■ 


Equation  (9)  is  widely  used  in  investigating  the  infrared  optical  properties  of  ionic 
crystals  [14-16] .  Since  the  present  work  deals  with  the  transparent  region  of  alkali  ha¬ 
lide  crystals,  this  equation  is  not  adopted  in  the  analysis  of  the  refractive  index  data. 

The  Sellmeier  formula  with  some  modification  is  used. 

In  an  ideal  application  of  Eq.  { 7) ,  one  would  need  to  know  the  wavelength  of  all 
of  the  absorption  peaks.  This  is  impossible  in  practice  as  the  number  of  absorption 
peaks  is  infinite.  In  fact,  only  a  few  absorption  peaks  are  accessible  for  experimental 
observation.  In  order  to  include  the  effects  due  to  unobserved  absorption  bands  on  the 
refractive  index  in  the  transparent  region,  an  equation  similar  to  Eq.  (7)  is  used  to 
interpret  the  experimental  data: 

a.  X2  b  X2 

n2  =  A  +  £  — - +  S— 1 - ,  '10) 

i  X2  -  Xi2  )  X2  -  Xj2 

where  X^'8  and  Xj's  are  the  observed  wavelength  of  absorption  bands.  A  is  a  constant 
which  equals  the  quantity  1  +  where  a s  are  the  coefficients  of  the  ultraviolet  terms 
2  \  X2/(X2-Ajc2)  with  A^’s  much  smaller  than  the  wavelengths  in  the  transparent  region. 

'fn  the  infrared  region,  the  dominant  contribution  to  the  refractive  index  in  the  transparent 
region  comes  from  the  fundamental  absorption  band  while  other  absorption  bands  contribute 
little  effect  on  the  refractive  index  in  the  transparent  region.  As  a  result,  in  most  cases, 
only  one  term  due  to  the  predominant  contribution  is  included  in  Eq.  (10) .  The  relation¬ 
ships  between  the  dielectric  constants  and  the  coefficients  in  the  dispersion  equation  remain 
with  no  change: 

e  =  A  +  £  a.,  (11) 

uv  i 


C  =  A  +  2a,  +  £b  .  (12) 

s  i  J 

Fortunately,  a  wealth  of  experimental  data  on  euv*  eg,  Xj,  and  X^  is  available  for 
alkali  halide  crystals.  In  some  cases,  good  values  of  a  and  b  are  also  available  to  initiate 
a  least-squares  calculation.  Table  3  displays  all  the  selected  values  of  available  parameters. 
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The  available  values  of  ( 1/Xj)  (dXj/dT)  are  also  listed  for  calculation  of  the  temperature 
derivative  of  the  refractive  index.  In  addition,  the  available  values  of  damping  factors, 
in  Eq.  (9) ,  are  also  included  for  the  purpose  of  completeness. 

For  some  materials,  experimental  data  on  n  are  insufficient  to  perform  the  least* 
squares  fitting.  Examples  are  LiCl,  LiBr,  CsF,  for  which  n  has  been  measured  at  only 
a  single  wavelength,  that  of  the  sodium  D  line.  For  such  cases  a  means  should  be  developed 
to  obtain  reasonable  estimates  by  use  of  the  available  data  for  other  properties  which  are 
intimately  related  to  n.  The  following  simplified  equation  ( two-oscillator  model)  of  the 
Sellmeier  type  is  proposed  for  this  purpose: 


n2  =  A  + 


(*uv-A)  *  [ 

*2-V 


(es-cuv)  X2 


X2  -  V 


(13) 


where  A  is  an  adjustable  parameter,  the  unweighted  averaged  value  of  the  wavelengths 
of  the  ultraviolet  absorption  peaks,  and  Xj  the  wavelength  of  the  fundamental  infrared 
absorption  peak.  The  adjustable  parameter  A  in  Eq.  (13)  can  be  determined  even  if 
only  one  measurement  of  n  is  available  because  the  quantities  eg,  cuy,  X^,  and  Xj  are 
available  ( see  Table  3) . 

Note  that  in  the  present  work  no  attempt  was  made  to  analyze  the  refractive  index 
data  other  than  those  obtained  at  temperatures  near  room  temperature,  because  of  insuf¬ 
ficiency  of  data.  However,  information  and  data  belonging  to  this  category  are  listed 
along  with  those  for  room  temperature  ( see  Section  3) .  In  the  far  infrared  region,  the 
refractive  indices  at  low  temperatures  are  usually  derived  from  the  analysis  on  the 
reflection  spectra.  The  static  and  high-frequency  dielectric  constants  and  the  wavelengths 
of  absorption  peaks  at  low  temperatures  are  either  found  by  these  analytic  calculations 
or  by  direct  measurements.  In  order  to  facilitate  the  calculation  of  the  refractive  indices 
at  low  temperatures,  we  have  listed  in  Table  4  the  up-to-date  values  of  important  physical 
parameters  which  are  essential  in  constructing  the  dispersion  equation  at  low  temperatures. 


2.2.  Temperature  Derivative  of  Refractive  Index,  dn/dT 

For  users  of  the  refractive  index,  information  on  the  temperature  derivative,  dn/dT, 
is  indispensable.  The  temperature  dependence  of  the  refractive  index  of  crystals  is  of  con¬ 
siderable  interest  in  connection  with  a  wide  variety  of  optics  applications.  In  the  area 
of  high-power  lasers,  dn/dT  plays  an  important  role  in  thermal  lensing  problems.  A 
great  deal  of  research  effort  is  spent  in  finding  the  magnitude  of  dn/dT  and  its  frequency 
dependence  in  the  laser  wavelength  regions. 


i 
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TABLE  4.  SOME  USEFUL  PARAMETERS  FOR  DISPERSION  EQUATIONS  OF 
ALKALI  HALIDES  AT  LIQUID  HELIUM  TEMPERATURE 


a 

<a 

b 

fuv 

LiF 

8.50 

1.93 

31.45 

0.0724 

LiCl 

10.83 

2.79 

45.25 

- 

LiBr 

11. 95 

3.22 

53.48 

- 

Lil 

3.89 

66.01 

- 

NaF 

4.73 

1.75 

38. 17 

0.0808 

NaCl 

5.43 

2.35 

56.18 

0. 1169 

NaBr 

5.78 

2.64 

68.49 

- 

Nal 

6. 60 

3.08 

80.65 

- 

KF 

5.11 

1.86 

49.63 

- 

KC1 

4.49 

2.20 

66.23 

0. 1101 

KBr 

4.  52 

2.39 

81.30 

0.1305 

KI 

4.68 

2.68 

91.32 

0.1598 

RbF 

5.99 

1.94 

61.35 

- 

RbCl 

4. 58 

2.20 

79.37 

- 

RbBr 

4.  51 

2.36 

105. 82 

- 

Rbl 

4.55 

2.61 

122.70 

- 

CaF 

7.27 

2.17 

74.63 

— 

CsCl 

6.68 

2.67 

93.90 

- 

CsBr 

6. 38 

2.83 

127. 39 

- 

Csl 

6.32 

3.09 

152. 67 

- 

a  Static  dielectric  constants  and  the  wavelengths  of  transverse 
phonon  are  taken  from  Ref.  [21] . 

b  High-frequency  dielectric  constants  and  X,,  are  taken  from 
Ref.  [13]. 
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With  regard  to  the  thermo-optical  behavior  of  the  alkali  halldee  in  general,  the 
existing  data  are  not  so  useful  as  might  be  expected.  Although  a  sizable  body  of  exper¬ 
imental  work  on  dn/dT  exists,  much  of  the  data  is  concentrated  in  limited  spectral  regions, 
usually  in  the  visible  and  near  ultraviolet.  Useful  data  outside  these  regions,  especially 
in  the  infrared,  are  very  often  unavailable — a  very  discouraging  fact  to  workers  in  laser 
research.  It  is,  therefore,  highly  desirable  to  obtain  a  theoretical  prescription  which 
allows  prediction  of  dn/dT  over  a  wide  range  of  wavelengths,  based  on  at  most  a  small 
number  of  known  measurements. 

Ramachandran  [17]  presented  a  semiempirical  theory  of  thermo-optical  effects 
in  crystals,  in  which  the  dispersion  was  fitted  to  experimental  data,  employing  a  series 
of  oscillator  frequencies  and  strengths  as  adjustable  parameters.  A  close  correlation 
was  found  between  temperature  shifts  of  various  parameters  and  those  of  the  fundamental 
oscillator  frequencies.  Unfortunately,  the  parameters  chosen  were  rather  numerous 
and  often  physically  obscure  or  not  unique;  no  general  prescription  was  presented  for 
determining  their  temperature  variations,  which  are  necessary  for  calculating  dn/dT. 

Tsay,  Bendow,  and  Mitra  [18]  introduced  a  two-oscillator  model  which  acoounts  for  the 
variation  with  temperature  of  the  energy  gap  ( electronic  contribution  to  dn/dT)  and  the 
fundamental  phonon  frequency  (lattice  contribution  to  dn/dT) .  Although  this  model  is 
useful  in  predicting  valuable  information,  it  fits  the  existing  data  rather  poorly  and  is 
inadequate  for  generating  recommended  data.  A  somewhat  modified  approach  is  to  form¬ 
ulate  a  semiempirical  equation  which  serves  the  dual  purpose  of  giving  a  good  fit  to 
existing  data  and  a  reasonable  prediction  of  miBSing  information. 

For  the  transparent  region  where  absorption  can  be  ignored,  the  dispersion  equation, 
Eq.  ( 10) ,  can  be  rewritten  as 


n2  -  1  =  B  +  E  — - - ,  (1- 

i  X2  -  \* 

where  B  *  A  -  1.  If  one  differentiates  Eq.  (14)  with  respect  to  temperature,  one  can 
arrive  at  the  equation 

„dn  dB/1  dN  \  *i  **  -  2Ki*4  /'ld*i’\ 

2n  -=•  =  -wr  +  (it*  jffjL - -  +  E - f-r-  -pp~ ) ,  (1! 

dT  dT  VN  i  (X*  -  Xj*)*  '*1 

since  may  be  written  as  tcj  NX^2,  where  N  is  the  number  of  oscillators  per  unit  volume, 
and  both  N  and  Xj  are  functions  of  temperature  [108] .  Since 


16 


l 

I 

* 

i 

* 

i 

i 

! 


I 

I 

i 


j 


j 

I 

■j 

i 

» 

i 

j 


1  dN  1  dV' 

"varc3a» 


(1«) 


where  a  la  the  linear  thermal  expansion  coefficient,  Eq.  ( 15)  may  be  written; 
2ngr  =  C  -  3a(n»-l)  +  LF(X.Xi) 


(17) 


where  C  ia  effectively  a  constant  over  a  limited  temperature  range  and 


2  ICj  X4 

U’-Xi1)4* 


To  this  point,  we  have  followed  Ramachandran  [17]  closely.  The  second  term  on  the 
right  aide  of  Eq.  (17)  expresses  the  change  in  refractive  index  resulting  from  a  change 
in  density,  while  the  remaining  terms  give  the  change  due  to  the  shifting  of  the  absorption 
bands  with  temperature. 


In  the  following  development,  we  will  modify  Eq.  (17)  to  an  empirical  form  which 
resembles  Tsay's  [18] ,  but  with  adjustable  parameters.  As  in  arriving  at  Eq.  (13),  we 
replace  the  sum  in  Eq.  (17)  by  two  terms,  one  representing  the  effects  of  the  bands  in 
die  ultraviolet  region,  associated  with  a  mean  wavelength  X^,  and  the  other  arising  from 
the  fundamental  Infrared  absorption  band  of  wavelength  Xj»  Thus  Eq.  ( 17)  is  simplified  to 

2n^=.C  -  -  1)  ♦  P  UX„)  *  F  (X,  A,)  (|-  ^).  (16) 


on  replacing  C,  2  Ku  (1/XJ  (d^/dT),  and  by  A*  A1,  and  A 


2n  ~=  -3«  (n2  -  1)  +  A<,  + 


Ai  X4 


dT 


2  Kj  X4 


(X*-A2)z  W 


2,  we  have 


(19) 


Since  the  quantities  Kj,  Xj,  and  (1/Xj)  (dXj/dT)  are  experimentally  available,  this  leaves 
inEq.  (19)  only  three  adjustable  parameters,  A$,  Aj,  and  A2. 


Although  the  adjustable  parameters  in  Eq.  ( 19)  can  be  determined  by  a  small 
number  of  experimental  data,  a  wide  wavelength  range  of  the  input  data  is  required.  Un¬ 
fortunately,  this  condition  is  not  satisfied  by  the  existing  data  on  the  dn/dT  of  halides. 
In  fact,  dn/dT  has  been  measured  for  only  seven  of  the  alkali  halides,  in  the  following 
ranges. 


L1F  0. 20-  1. 08  jim  and  at  3. 5  pm 

NaF  0. 21-  1. 08  pm  and  at  3. 5  pm  and  8. 5  pm 
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NaCl 

0.21-  8.85  pm  and  at  10.6  pm 

KC1 

0.21-  8. 85  pm  and  at  10. 6  pm  and  21. 0  pm 

KBr 

0.26-  1.08  pm 

KI 

0.25-  1. 08  pm 

Csl 

0.30-46.24  pm 

It  is  clear  that  meaningful  least-squares  calculations  can  only  be  carried  out  for  the  five 
materials  (LiF,  NaF,  NaCl,  KC1,  and  Csl)  for  which  the  available  data  cover  a  sizable 
wavelength  range.  In  the  process  of  calculation  we  have  found  two  empirical  facts  which 
gave  clues  to  further  reduce  the  unknown  parameters  in  Eq.  (19) .  The  first  is  that  the 
parameter  A2  in  Eq.  (19)  turns  out  to  be  very  close  to  the  square  of  the  wavelength  of 
the  UV  absorption  peak  nearest  the  transparent  region.  The  second  relates  to  the  quantity 
(1/X^  (dX^/dT)  =  Aj/2^.  In  the  case  of  NaF  and  NaCl  this  does  not  depend  on  the  halide 
involved;  a  result  that  will  be  assumed  to  hold  for  the  other  alkali  halides.  This  idea 
is  also  supported  by  the  fact  that  a  log -log  plot  of  (1/X^)  (dX^/dT)  against  the  atomic 
number  Z  of  the  alkali  ion  is  a  straight  line,  as  shown  in  Figure  2,  despite  the  variety 
of  halide  ions  involved.  This  figure  shows  that  ( 1/X^)  ( dX^/dT)  and  Z  are  connected 
by  a  power  law,  and  thus,  indicates  a  resonable  value  for  the  former  quantity  in  the 
case  of  Rb  (as  shown  in  the  figure) ,  for  which  a  more  direct  determination  is  not  now 
available.  Only  one  unknown  parameter,  A<>,  in  Eq.  (19) ,  then  remains  to  be  found  in 
order  to  make  a  meaningful  estimation  for  those  materials  on  which  no  experimental 
data  are  available.  This  problem  is  solved  and  discussed  in  the  next  paragraph. 

At  an  intermediate  wavelength,  X,  in  the  transparent  region,  the  contribution 
from  the  infrared  is  negligible  and  A2  is  much  smaller  than  X2.  Equation  (18)  can  then 
be  reduced  to 


By  treating  the  variation  in  index  as  due  entirely  to  the  change  in  density  except  at  the 
extremes  of  the  transmitting  range,  we  define  an  effective  linear  thermal  expansion 
coefficient  a*  such  that 

•: 

■  2n^r  =  -3a’  (n2-l).  (21) 

|  The  values  of  o!  for  LiF,  NaCl,  KC1,  and  Csl  were  evaluated  at  wavelength  1  pm.  It  is 

(  interesting  to  find  that  the  ratio,  oVa.  is  linearly  related  to  the  atomic  number  of  the 


positive  ion  of  alkali  halides,  as  shown  in  Figure  3.  The  constant  A#  in  Eq.  (20)  can 
be  calculated  by  combining  Eqs.  (20)  and  (21): 


(ATOMIC  NUMBER) 


M 


A,  ■3(0-0')  (o»-l)  T?)- 

With  these  empirical  findings  «e  ere  in  a  position  to  construct  formulae  of  the  form  of 
Eq.  (19)  to  calculate  dn/dT  for  all  alkali  halidee  over  a  wide  range  of  X. 

For  convenience,  we  display  In  Table  5  all  the  necessary  parameter  values  for 
constructing  dn/dT  formulas,  although  some  of  the  parameters  are  already  listed  in 
Tables  2  and  3. 

In  view  of  the  scantiness  of  dn/dT  data  and  the  non-unique  temperature  for  ob¬ 
servation,  the  dn/dT  values  calculated  by  the  formulas  consturcted  in  this  way  agree 
remarkably  well  with  the  available  data,  as  one  can  see  in  the  next  section.  The  pre¬ 
diction  made  for  an  unmeasured  material  can  be  considered  as  reasonable  estimation. 
Here  it  should  be  emphasized  that  the  dn/dT  formulas  developed  in  this  work  are  only 
valid  at  293  K.  However,  it  seems  reasonable  to  apply  them  in  the  range  293  ±  50  K. 
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TABLE  5.  PARAMETERS  FOR  THE  dn/dT  FORMULAS  OF  ALKALI  HALIDES  AT  ROOM  TEMPERATURE 
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3.  NUMERICAL  DATA 


Reference  data  are  generated  through  critical  evaluation,  analysis,  and  synthesis 
of  the  available  experimental  data.  The  procedure  involves  critical  evaluation  of  the 
validity  and  accuracy  of  available  data  and  information,  resolution  and  reconciliation  of 
disagreements  in  conflicting  data,  correlation  of  data  in  terms  of  various  controlling 
parameters,  curve  fitting  with  theoretical  or  empirical  equations,  comparison  of  resulting 
values  with  theoretical  predictions  or  with  results  derived  from  semi-theoretical  relation¬ 
ships  or  from  generalized  empirical  correlations,  etc.  Physical  optical  principles  and 
semi-empirical  techniques  are  employed  to  fill  gape  and  to  extrapolate  existing  data  so 
that  the  resulting  recommended  values  are  internally  consistent  and  cover  as  wide  a 
range  of  each  of  the  controlling  parameters  as  possible. 

No  attempt  was  made  to  analyze  the  thin  film  data  and  the  reststrahlen  region 
results  because  of  scantiness  of  reliable  information.  However,  experimental  data  of 
this  sort  are  also  presented  in  (lata  tables  along  with  those  for  the  transparent  region. 

The  compilation  contains  a  number  of  figures  and  tables  of  refractive  index  and 
its  derivatives  as  a  function  of  wavelength.  The  conventions  used  in  this  presentation  and 
special  comments  on  the  interpretation  and  use  of  the  data  are  given  below. 

The  refractive  index  of  alkali  halides  and  its  wavelength  and  temperature  derivatives 
are  presented  according  to  the  material  order  listed  in  Table  1.  Original  data  are  tab¬ 
ulated  as  they  appear  in  the  literature.  However,  energy  expressed  in  units  of  wave 
number  or  electron  volt  was  converted  in  all  cases  into  wavelength  in  units  of  fxm. 

In  all  figures  containing  experimental  data,  a  data  set  is  denoted  by  a  ringed  number. 
These  numbers  correspond  to  those  given  in  the  accompanying  tables  on  source  and  tech¬ 
nical  information  and  experimental  data.  When  several  sets  of  data  are  too  close  together 
to  be  distinguishable,  some  of  the  data  sets,  though  listed  in  the  table,  are  omitted  from 
the  figure  for  the  sake  of  clarity.  For  each  of  those  omitted  data,  an  asterisk  is  placed 
after  the  value  in  the  experimental  data  table.  The  much  heavier  curves  drawn  in  the 
figures  represent  the  proposed  values  of  the  property.  These  heavy  curves  may  be  con¬ 
tinuous,  short-dashed,  or  long-dashed.  Heavy  continuous  ( solid)  curves  properly  labeled 
represent  recommended  reference  values  or  provisional  values.  Ar '■oxnpanying  sections 
of  short-dashed  curves  represent  values  in  the  wavelength  ranges  where  no  experimental 
data  are  available.  In  some  instances,  where  the  specimen  cannot  be  uniquely  characterized 
to  correspond  exactly  with  the  calculated  values;  in  such  cases  values  considered  as  typical 
are  represented  by  heavy  long-dashed  curves. 
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For  the  index  a  and  dn/dT  figures,  the  wavelength  is  plotted  on  a  logarithmic  scale 
in  order  to  cover  a  wide  wavelength  range  in  a  single  plot.  For  the  dn/dX  figure,  both 
dn/dX  and  X  are  logarithmically  plotted.  For  the  four  materials  LiF,  NaCl,  KC1,  and 
KBr,  the  refractive  index  data  for  the  transparent  region  are  replotted  on  an  enlarged 
scale  in  order  to  show  the  details  in  the  variation  of  the  property. 

The  tables  on  source  and  technical  information  give  for  each  set  of  data  the 
following  information:  the  reference  number,  author's  name  (or  names) ,  year  of  pub¬ 
lication,  experimental  method  used  for  the  measurement,  wavelength  range  covered  by 
the  data,  temperature  of  observation,  and  description  and  characterization  of  the  spec¬ 
imen  and  information  on  measurement  conditions  that  are  contained  in  the  original  paper. 

In  these  tables  the  code  designations  used  for  the  experimental  methods  for  refractive 
index  determinations  are  as  follows: 

D  Deviation  method  ( prism  method) 

P  Pulfrich  refractometer  ( right  angle  prism) 

I  Interference  method 

T  Transmission  method 
R  Reflection  method 

M  Immersion  method 

L  Multilayer  method 

F  Focal  length  method 

For  a  comprehensive  yet  concise  review  of  all  these  methods,  the  reader  is  referred 
to  the  text  in  [3]  and  (4) . 

For  some  materials,  dispersion  equations  have  been  proposed  in  a  number  of 
earlier  works.  In  such  cases,  a  table  listing  a  few  typical  proposed  equations  is  given. 

All  equations  are  converted  to  the  form  of  Eq.  (10)  whenever  possible  so  as  to  facilitate 
a  visual  comparison.  This  table  is  by  no  means  an  exhaustive  collection;  however,  it 
gives  the  reader  a  general  picture  on  the  evolution  of  the  dispersion  formula  used  in  the 
calculation  of  the  refractive  index. 

In  the  tables  of  recommended  ( including  provisional  and  typical)  values,  the  values 
are  presented  with  step-wise  increasing  increments  in  wavelength.  The  magnitudes  of  the 
increments  vary  with  the  slope  and  curvature  of  the  curve  to  facilitate  linear  Interpolations. 
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The  following  scheme  is  uniformly  adopted  for  this  presentation. 


Wavelength  range 

Increment 

<0. 30  jim 

0.  002  jim 

0. 30-  0. 40  jim 

0. 005  jjm 

0.40-  0. 60  pm 

0.01  jim 

0.60-  1.00  Jim 

0. 02  jim 

1. 00-  5. 00  Jim 

0. 05  Jim 

5. 00-10.  00  jim 

0.10  jim 

10.00-20.00  Jim 

0. 20  jan 

>20.  00  Jim 

0.  50  jim 

In  the  tables,  values  for  each  property  are  given  to  the  same  number  of  decimal  places 
in  order  to  show  the  variation  of  the  property  and  for  tabular  smoothness;  this  should  not 
be  interpreted  as  indicative  of  the  accuracy  of  the  values.  The  uncertainties  of  the  tab¬ 
ulated  values  on  the  refractive  index  and  dn/dT  for  each  material  in  different  wavelength 
ranges  is  given  in  the  discussion  pertaining  to  the  material.  In  connection  with  this,  the 
tabulated  values  are  classified  as  "recommended  values",  "provisional  values",or  "typical 
values".  The  criteria  of  the  classification  depend  upon  the  level  of  confidence  of  the  values 
as  given  below. 


Uncertainty  range 

Classification 

For  refractive  index: 

50.005 

recommended 

0. 005-0. 02 

provisional 

SO.  02 

typical 

For  dn/dT  ( in  units  of  10~5  IC1) : 

SO. 3 

recommended 

0.3-0. 9 

provisional 

SO. 3 

typical 

It  should  be  noted  that  recommendations  are  made  only  for  the  bulk  material  at  293  K  in 
the  transparent  wavelength  region. 

In  general,  refractive  indices  obtained  by  the  deviation  method  are  reported  to  the 
fifth  or  sixth  decimal  place.  However,  detailed  composition  and  characterization  of  the 
specimens  are  usually  not  clearly  given  by  the  researchers  and  impurities  in  the  sample 
and  conditions  of  the  surfaces  are  decisive  factors  affecting  the  observed  results.  There¬ 
fore  such  highly  accurate  data  can  not  be  applied  to  a  sample  chosen  at  random.  For  this 
reason  we  do  not  attempt  to  recommend  any  particular  set  of  data  with  the  reported  high 
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accuracy,  but  to  generate  the  most  probable  values  for  the  pure  crystals.  As  a  result, 
the  estimated  uncertainties  for  the  recommended  values  on  the  refractive  index  are  higher 
than  those  of  the  reported  data  obtained  by  high-precision  measurements.  In  this  work, 
the  highest  estimated  accuracy  of  refractive  index  is  to  the  fourth  decimal  place. 

In  each  of  the  next  twenty  subsections,  data  and  information  on  an  alkali  halide 
are  presented  in  this  order: 

a  brief  text  discussing  the  available  data, 

a  table  of  recommended  ( Including  provisional  and  typical)  values  on  n,  dn/dX, 
and  dn/dT, 

a  figure  of  n  ( sometimes  two  figures  for  clarity) , 
a  figure  of  dn/dX, 
a  figure  of  dn/dT, 

a  table  of  source  and  technical  information, 
a  table  of  experimental  data  on  n, 
a  table  of  experimental  data  on  dn/dT  (if  any) , 
a  table  for  comparison  of  proposed  dispersion  equations  ( if  any) . 
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3.1.  Lithium  Fluoride,  LiF 

Lithium  fluoride  is  transparent  from  0. 12  to  9. 0  pm.  In  the  region  0. 23-4. 5  /jm 
the  dispersion  is  low  and  transmission  is  high.  Less  transmission  and  higher  dispersion 
are  found  in  the  low  ultraviolet  and  the  infrared.  In  the  low  ultraviolet,  optical  compon¬ 
ents  must  be  made  very  thin  in  order  to  obtain  maximum  transmission.  Selected  specimens 
of  lithium  fluoride,  in  moderately  thin  pieces,  may  be  expected  to  transmit  several  per¬ 
cent  of  the  light  down  to  wavelengths  as  short  as  0. 11  pm.  Impurities  in  the  crystal, 
poor  polish,  and  layers  of  foreign  material  on  the  surface  may  reduce  the  transmission 
in  the  Schumann  region  down  to  a  negligible  quantity.  In  the  infrared,  transmission  be¬ 
gins  to  fall  off  rapidly  at  7  pm,  and  a  prism  is  useful  to  5  pm. 

Optically  speaking,  lithium  fluoride  closely  resembles  calcium  fluoride.  How¬ 
ever,  lithium  fluoride  is  preferable  to  calcium  fluoride  for  use  in  prismatic  form  because 
of  its  much  greater  dispersion  in  the  infrared  and  greater  transparency  in  the  extreme 
ultraviolet. 

Unlike  the  other  alkali  halides,  lithium  fluoride  is  practically  insoluble,  and 
advantage  is  taken  of  this  fact  in  the  purification  of  the  salt.  High  purity  single  crystals 
of  lithium  fluoride  up  to  4  kg  in  weight  are  grown  by  HarBhaw  Chemical  Company  and 
are  available  for  making  optical  components  in  various  sizes. 

Measurements  of  the  refractive  index  of  lithium  fluoride  date  back  to  1927.  The 
existing  data  cover  a  spectral  range  from  0. 00236  to  600  pm  and  at  2000  pm.  Based  on 
the  optical  behavior  of  the  material  and  the  experimental  techniques,  these  data  fall  quite 
naturally  into  two  categories:  the  transparent  region  (~0. 11  to  ~9. 0  pm)  and  the  absorp- 

rsj 

tion  regions  (<0.11  and  >9.0  pm) . 

For  the  transparent  region,  since  large  sizes  of  LiF  are  easily  obtained,  the 
deviation  method  is  commonly  used  with  the  sample  in  prismatic  form.  This  method  was 
adopted  by  a  number  of  researchers:  Gyulai  (27]  in  1927,  Schneider  [28]  in  1935,  Hohls 
[29]  in  1937,  Harting  [30]  in  1943,  Durie  [31]  in  1950,  and  Tilton  and  Plyler  [32]  in  1951. 
The  deviation  method,  though  the  oldest,  is  often  considered  as  the  most  accurate;  less 
accurate  data  can  be  obtained  by  the  interference  method. 

Due  to  the  high  absorption  in  the  low  UV  and  far  IR  regions,  the  deviation  method 
and  interferometry  cannot  be  used.  Refractive  indices  are  obtained  either  by  measuring 
transmission  of  thin  films  or  by  theoretical  analysis  of  the  reflection  spectra  from  the  bulk 
material.  Rough  data  may  be  due  to  difficulties  in  thin  film  preparation  and  inaccuracy  in 
the  reflectivity  measurements.  While  numerous  publications  are  available  for  the  refractive 


27 


index  in  the  IR  regions,  only  three  sets  of  data  exist  in  the  low  UV  regions,  for  0. 00236- 
0. 0113  pm,  0. 0496-0. 1771  pi n,  and  0. 0898-0. 1240  [tax.  Collectively,  these  works  give 
a  spectrum  of  the  refractive  index  of  LiF  from  0. 00236  pm  to  2000  pm. 

Data  obtained  by  deviation  and  interference  methods  are  chosen  for  our  data  analysis 
and  evaluation.  Among  the  chosen  sets,  those  measured  by  Tilton  and  Plyler  [32]  and 
Harting  [30]  are  reliable,  and  heavy  weights  are  therefore  assigned  to  them.  The  accuracy 
of  the  values  reported  by  Gyulai  [27]  is  one  unit  in  the  third  decimal  place,  although  his 
values  are  given  to  the  fourth  place  for  the  purpose  of  tabular  smoothness.  HohlB'  data 
in  the  region  5. 48-11. 62  pm  are  for  thin  films,  resulting  in  large  uncertainties  because 
the  properties  of  thin  films  are  not  unique,  but  vary  widely  with  surface  conditions,  the 
process  of  preparation  and  the  aging  of  the  film  specimens.  Schneider's  data  [28]  are 
extracted  from  a  figure,  with  uncertainties  depending  on  the  operator's  judgment,  and 
resulting  values  that  may  be  either  consistently  high  or  low.  Data  sets  with  large  un¬ 
certainties  are  assigned  low  weights. 

Since  the  selected  data  sets  were  measured  at  various  temperatures,  corrections 
should  be  made  to  reduce  all  of  the  data  to  293  K.  Not  much  dn/dT  data  are  available; 
however,  the  results  of  the  least  squares  fitting  of  the  dn/dT  data  to  Eq.  ( 19) ,  together 
with  the  results  obtained  for  NaF,  NaCl,  KC1,  and  Csl,  lead  to  the  parameter  values 
listed  in  Table  5.  This  enabled  us  to  construct  the  following  expression  for  dn/dT  in 
units  of  10" 5  K-1,  valid  in  the  temperature  range  293  ±  50K: 


2n  =  -9. 96  ( n2-l)  -  8. 13  + 


12.  09  X4 


_ .  +  184.86  X4 

( X2  -  0. 00544) 2  ( X2  -  1075. 18) ! 


(23) 


where  X  is  in  units  of  pm.  Close  agreement  of  the  values  calculated  by  this  equation  and 
the  experimental  data  can  be  seen  in  the  dn/dT  figure.  By  use  of  this  equation,  the 
refractive  index  data  obtained  at  temperatures  other  than  293  K  were  reduced  to  293  K, 
allowing  construction  of  a  dispersion  equation  for  LiF. 


Dispersion  equations  for  LiF  were  proposed  from  time  to  time  by  a  number  of 
authors  and  appeared  in  different  forms.  Table  10  lists  the  dispersion  equations  in 
chronological  order,  to  facilitate  a  close  comparison  and  reveal  clues  for  choosing  initial 
parameter  values  for  iterative  fitting  calculations.  The  other  necessary  input  parameters 
can  be  found  in  Table  3.  With  the  aid  of  the  available  information,  least-squares  fitting 
of  the  reduced  data  to  the  form  of  Eq.  (10)  was  readily  carried  out  and  resulted  in  a 
dispersion  equation  of  LiF  at  293  K  in  the  wavelength  region  0.10-11.0  pm. 
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n2  =  1  0. 92549  X2  +  6. 96747  X2 

X*  -  (0.07376) 2  X2  -  (32.79)* 


(24) 


where  X  is  in  units  of  jim. 

Equations  (23)  and  (24)  were  used  to  generate  the  reference  data  given  in  the 
table  of  recommended  values.  The  values  of  dn/dX  were  simply  evaluated  by  the  first 
derivative  of  Eq.  (24) .  Although  the  values  of  n  are  given  to  the  fifth  decimal  place 
and  dn/dT  to  the  second,  they  do  not  reflect  the  degree  of  accuracy  and  the  extent  of  re 
reliability.  They  are  so  given  simply  for  smoothness  of  tabulation.  For  the  proper 
use  of  the  tabulated  values  the  reader  should  follow  the  criteria  given  below. 


For  refractive  index: 

Wavelength  Range 

Meaningful 

Estimated 

(H m) 

Decimal  Place 

Uncertainty,  ± 

0.10-  0.15 

2 

0.01 

0.15-  0.25 

3 

0.001 

0.25-  0.35 

4 

0. 0005 

0.35-  3.00 

4 

0. 0002 

3.00-  5.00 

4 

0.0005 

5.00-  7.00 

3 

0.001 

7.00-11.0 

3 

0.006 

For  dn/dT: 

0.10-  0.15 

1 

0.9 

0.15-  2.00 

2 

0.2 

2.00-10.00 

2 

0.3 

10.0  -11.00 

1 

0.9 
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TABLE  t.  RECOMMENDED  VALUER  ON  THE  RETRACTIVE  INDEX  AMD  ITS  WAVELEMOTM  AMD 
TEMPERATURE  DERIVATIVES  TOR  UP  AT  MS  E* 


X 

a 

-<WSA 

*■»“* 

SrOT 

X 

a 

-<MAU  S*W 

!»»-•  IS3*-* 

X 

a 

•40MX 

Ss/tfT 

lo3*-* 

l.tsi 

1.76062 

13.31517 

o.st 

3.2(0 

1.6(512 

0.42102  -1.11 

1.6(1 

1.03554 

1.1*212 

•toll 

Mil 

1.71661 

12.13032 

7.60 

1.212 

1.62(23 

1.43014  -1.12 

(.  61( 

1.15516 

Mir  7i 

*1.69 

i.m 

1.66170 

IS. 71263 

6.30 

1.2(6 

t. 61763 

0.33303  -1.14 

1.422 

1.35996 

••••371 

•1*70 

Mil 

1.67160 

3.33675 

3.01 

(.226 

1.62(71 

0.30401  -1.10 

0.632 

1.139S9 

•••fill 

•1*71 

(.1(0 

1.63J61 

6.63133 

3.16 

(.2(0 

1.62335 

i.imi  -i.i7 

(.660 

1.15591 

•  •04*  fi * 

-1.72 

1.110 

1.63733 

7.62713 

6.33 

(.220 

1.62522 

0.36100  -1.19 

(.650 

1.19151 

••04301 

•1*73 

Mil 

1.62306 

6.60661 

6.33 

(.232 

1.62150 

0.35136  -1.(0 

(.461 

1.35556 

0*04111 

-1*73 

l.lli. 

1.60332 

6.21636 

3.(6 

(.236 

1.423(1 

(.16133  -1.(1 

(.471 

i.mi6 
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2  ,  0.92549  A2  ,  6. 96747  \  _ 

Jhre..rt.ork  0^10-11.0  |»m  +  x,  .  (0.07376)*  X1  -  (32.790) 

XI rt  O  _  _  -  ....  i  .  - 

1  =  1,2;  U\  -  306  cm'1,  Ut  =  503  cm'1;  y\fai  =  0.0600,  y2/^2  =  0. 180;  4ffpi  =  6.  80,  4flp2  -  0. 110, 


I 


3.2.  Lithium  Chloride,  LiCl 


! 


f 


The  only  available  measurement  on  the  refractive  index  of  solid  LiCl  was  made 
for  one  spectral  line,  the  sodium  D  line,  by  Spangenberg  [45]  in  1923  using  the  immer¬ 
sion  method.  For  molten  LiCl,  Zarzyski  and  Naudin  [44]  determined  the  index  for  the 
Hg  green  line  at  a  temperature  of  888  K. 

The  reasons  for  the  scantiness  of  the  data  are  the  difficulties  in  crystal  growing 
and  sample  preparation.  A  number  of  other  physical  properties  of  LiCl  were  investigated; 
values  are  given  in  Tables  2  and  3.  Although  there  is  only  one  value  of  n  available,  a 
dispersion  equation  can  be  based  on  the  knowledge  of  the  dielectric  constants  and  the 
characteristic  absorption  peaks.  Using  the  values  of  known  parameters  from  Table  3 
and  the  value  of  Spangenberg,  we  obtain 


es  =  11.86, 

euv  =  2*75’ 

Xy  =  0. 137  fim  (averaged  value  of  two  peaks) , 

Aj  =  49. 26  /xm, 
n  -  1. 662  for  A  =  0.  5893  fjm. 

The  adjustable  parameter  A  of  Eq.  (13)  was  found  to  be  2.  51.  This  leads  to  a  dispersion 
equation  of  LiCl  which  is  valid  at  293  K  in  the  transparent  region,  0. 17  to  16.0  fjjn: 


n2  =  2.  51  + 


0.  24  A2 


9.11  A2 


A2  -  (0.137) 2  A2  -  ( 49.  26) 2 


(25) 


where  A  is  in  units  of  fjm. 

No  experimental  data  on  dn/dT  are  available.  However,  our  empirical  parameter 
values  in  Table  5  were  used  to  construct  a  formula  for  estimating  dn/dT  in  the  transparent 
region: 


2n  ^  =  -13, 14  ( n2-l)  -  12. 85  + 


22.75  A4 


382. 62  A4 


( A2  -  0. 02045) 2  (A2  -  2426.  55) 2 


(26) 


where  dn/dT  is  in  units  of  10" 5  K-1  and  A  in  fjm. 


Equations  (25)  and  (26)  were  used  to  generate  the  reference  data  given  in  the  table 
of  recommended  values.  As  noted,  these  equations  are  based  totally  on  the  available  data 
on  the  thermal  linear  expansion,  dielectric  constants,  the  wavelengths  of  absorption  peaks, 
and  the  empirical  parameters.  Consequently,  the  accuracies  of  the  estimated  values  are 
governed  by  the  uncertainties  of  the  above  mentioned  parameters.  The  following  criteria 
are  indicated  by  careful  studies  of  the  parameters. 


For  refractive  index: 

Wavelength  Range 

0.17-  0.30 
0.30-  1.00 
1.00-  5.00 
5.00-  9.00 
9.00-16.00 

For  dn/dT: 

0.17-  0.32  1  0.9 

0.  32-12. 0  1  0. 4 

12.0  -16.0  1  0.9 


Meaningful 
Decimal  Place 

2 

3 

3 

2 

2 


Estimated 
Uncertainty,  ± 

0.05 
0. 005 
0.008 
0. 01 
0.02 
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TAI1I.E  a.  HECOMMENDEI)  VALUES  ON  THE  REFRACTIVE  INDEX  AND  ITS  WAVELENGTH  AND 
TEMPERATURE  DERIVATIVES  FOR  LILT  AT  293  K  * 
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1.60473 

0.1(746 

6.09 

(.530 

1.(6295 

0.02067 

-2.93 

2.700 

1.65070 

O.O06J2 

-3.62 

0.280 

1.6*901 

0.13420 

3.87 

0.550 

1.(6275 

0.01975 

-2.97 

2.750 

1.635*8 

0.006*3 

-3.82 

0.20? 

1.6*013 

0.116*1 

1.65 

0.5(0 

1  •  (  625t 

0.01872 

-3.01 

2.600 

1.63456 

O.0C65* 

-3.62 

0.204 

1 .6*767 

0.324*1 

3.65 

0.570 

1.(6216 

0.01777 

-3.0* 

2.050 

1.63573 

0.00665 

-3.61 

0.296 

1.6*70) 

0.11310 

3.25 

(.5(0 

1.(6120 

0.01669 

-3.08 

2.900 

1.63*84 

0.00676 

-3.81 

0.290 

1.6*632 

0.10225 

3.08 

0.540 

1.(6203 

0.01608 

-3. 11 

2.950 

1.63*55 

0.00687 

-3.61 

0.260 

I. 6*5*2 

1.24191 

2.88 

l.((0 

1.(611* 

0.01532 

-3.1* 

3.010 

1.63*21 

0*00659 

-3.61 

0.26? 

1.6*525 

0.2*211 

2.71 

0.(20 

1.(6154 

0.01397 

-3.19 

3.050 

1.637*6 

0.00710 

*3.60 

0.264 

1.6*364 

0.27276 

2.56 

0.(30 

1.(6117 

0.01281 

-3.2* 

3.100 

1.63750 

0.00721 

-3.6C 

0.266 

t. 6*316 

0.7*163 

2.38 

0.6(0 

1.(6101 

0.01179 

-3.29 

3.150 

1.63713 

0.00733 

-3.60 

0.266 

1.6*363 

0.25511 

2.22 

1.(00 

1.160(5 

0.01091 

-3.33 

3.200 

1.63676 

0.0Q7** 

-3.79 

0.270 

1.60)1  J 

0.23721 

2.00 

(.700 

I. (60(3 

0.81CI3 

-3.30 

3.250 

1.63(34 

0.00756 

-3.79 

0.272 

1.6*265 

1.21935 

1.96 

0.721 

1.66033 

0.009*5 

-  3  •  *0 

3.300 

1.63(01 

0.007(7 

-3.79 

0.274 

1.6*21* 

(.21213 

1.01 

0.731 

1.66(26 

0.10685 

-3. *3 

3.350 

1.63(67 

0.00779 

-3.70 

0.276 

1.6*172 

(.22343 

1.00 

0.7(0 

1.(6009 

0.80032 

-3.60 

3.400 

1.63(23 

0.00790 

-3.78 

0.278 

1.6*12* 

(.21(15 

1.55 

(.700 

1.65443 

0.10785 

-3. *8 

3.650 

1.633(3 

0.0O8Q2 

-3.78 

0.280 

1. 6*0*5 

(.211(5 

1.63 

0.(00 

1.65477 

0.807** 

-3.50 

3.500 

3.(3333 

0.0001* 

-3.77 

0.202 

1.6*13) 

0.2(!>2 

1.31 

0.020 

1.(5963 

0.10707 

-3.53 

3.550 

1.63317 

0.00025 

-3.77 

0.204 

l.»«00) 

0.14935 

1*28 

1.(30 

1.(5439 

Q.80673 

-3.55 

3.600 

1.63360 

0.00637 

-3.76 

0.286 

1.6796) 

(.1*171 

1.05 

(.((( 

i.(543( 

0.000** 

-3.50 

3.650 

1.633M 

0.008*9 

-3.76 

0.208 

1.67925 

0.10(21 

1.99 

1.(00 

1.(5923 

I.C06I9 

-3.50 

3.710 

1.(3775 

0.110(1 

-3.76 
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X 

It 

ita/iU 

iln/UT 

X 

-dn/dx 

dn/dT 

X 

dn/dX 

dn/dT 

**" 

10-*  K  “* 

ji m 

HI-*  K-- 

D 

jJD*4 

10-  K- 

*  a  750 

t.t423? 

0.0997? 

-1.75 

6. ISO 

1.C15C1 

0.C1464 

-3.44 

9.700 

l.fUSf 

0.02554 

*2.47 

1 .8P| 

1.64104 

0.90984 

-1.75 

6.700 

1.(1353 

0.01491 

-3.47 

9.000 

1 •5.Q.S 

0.02509 

-2.43 

1  .  850 

1.44144 

0.00996 

-1.74 

6.100 

1.(1703 

0.01518 

-3.40 

9.400 

1*91630 

0.02674 

•7.40 

».  40  c 

t.«4J49 

C .009(9 

-3.74 

6.400 

1.(1044 

0.01545 

-3.39 

10.000 

1*93973 

0.126(0 

-2  •  3( 

'  a  95g 

1 .640**  1 

o. 00920 

-*.73 

6.400 

1.60044 

o.cisr? 

-3.37 

10.200 

1*9363. 

0.0773? 

-2.27 

4.009 

1  .14009 

0  s0P«3? 

-1.73 

6.600 

1.60735 

0.C1599 

-3.35 

10.400 

1*93.61 

0.07605 

-2.  is 

4.050 

l  ,6V«*0 

0.004*4 

-  1.  77 

6.700 

1.60*74 

0.01677 

-3.33 

10.600 

1  *9191  3 

0.02680 

-7.10 

*•.100 

t.c  1112 

0.009*6 

-  1.  7? 

6.800 

1.6  0410 

0.01655 

-3.31 

1C. 800 

1.91330 

0.02557 

-2.00 

4.|‘0 

1.6J0t4 

0.0C9M 

-1.71 

6.40  0 

1.60743 

0.01683 

-3.78 

11.000 

1.96339 

0.0  30  35 

-1.91 

4  a  ?l)D 

1  .»>  MIS 

0.004*0 

-  1.71 

7.000 

1.60073 

0.C1711 

-3.76 

11.200 

1*9611. 

tf.  03115 

-1.81 

4.  ?SQ 

\  !?♦,* 

0.00945 

-1.70 

7.100 

1**4401 

0.01734 

-3.24 

11.400 

1 • ,9.8  3 

0.03147 

-1.70 

4  ,  1*8 

t.M7U 

0.11CC5 

-  ?.  7C 

7.200 

1. 59775 

0. 01 766 

-3.77 

11.600 

1..8639 

0.03280 

-1.59 

4  ,  fr  0 

1  a  *  »MiS 

o.aici? 

-l.fc® 

7.300 

1.59547 

0.01796 

-3.7C 

11.800 

I..S1T1 

0.033(5 

-1.48 

4 .401 

>  .  1  .1  fc  1  4 

0 . 0 1  C ?9 

-  l.t« 

7.400 

1.59366 

0. C1625 

-3.17 

12.000 

t.,7.69 

0.03452 

-1.36 

4.4*0 

l.M'tll 

0.01941 

-3.64 

7.500 

1.5918? 

0.01854 

-3.15 

12.200 

1 . ,6390 

0.03542 

-1.24 

4  .  S  *,  0 

1  •  *:  1 S  1  Q 

0.010*4 

-1.67 

7.600 

1.56995 

0 .01884 

-J.17 

12. 400 

l.,6632 

0*03633 

*1.11 

4  .  *.SQ 

i.  nv>  7 

0.010(6 

-1.67 

7.700 

1.59805 

0.0191 3 

-3.10 

12.600 

1 . ,9330 

0.0  3727 

-0  .SB 

4  .'QU 

1 .41414 

0.010 79 

-3.66 

7.800 

1.5861? 

0.01943 

-3.07 

12.800 

1 • ,,962 

0.03023 

-0.04 

4  *  »>5fl 

1  ,MIVI 

0.010S1 

-1.66 

7.400 

1.58417 

0.C1973 

-3.05 

13.000 

1 • , 36Q  3 

0.0  3921 

•0.69 

4  .  J00 

l  .0  1  v*  l‘» 

0,01113 

-1.65 

8.000 

1.6  8719 

O.C70O3 

-3.02 

13.2C0 

t.,3613 

0.04022 

•0.64 

4  a  7*>  0 

i  .f>3?  14 

0.01116 

-  3.64 

9.100 

1.58016 

0.07033 

-7.99 

13.400 

3 . ,2196 

1 .0  41 26 

-0.30 

4.400 

1 .  C.f  1  0  J 

0 .11178 

-  1.64 

a.?eo 

1.57611 

0.17064 

-2.57 

13.600 

I.,l303 

0 .0  4?  3  3 

-0.22 

4.4  40 

1.#*  ii?( 

0.01141 

-1.63 

9.110 

1.47(03 

0.07045 

-2.94 

13.800 

t.,0905 

0.04342 

-0.04 

4.  ico 

1 .SlObl 

0.01  Ml 

-3,61 

9.400 

1.5739? 

0.07176 

-2.91 

16.Q00 

1.39629 

0.04455 

0.14 

4. 9*.  8 

1  .MUll 

€.111(6 

-  5.6? 

0.500 

t. 57178 

0.07157 

-2.08 

14.200 

1.36  333 

0.04571 

0.32 

5.000 

i.6?  ise 

0.01178 

-3.61 

9.600 

1.56961 

0.07149 

-2.05 

14.400 

1.33396 

0.04641 

0.52 

5. 1P0 

l.»  ?(M1 

0.0 1 7C4 

-3.60 

9.700 

1.56740 

0.07771 

-2.87 

14.600 

1.360,6 

0.04814 

0.73 

5.700 

1.6/717 

C , 0 1 229 

-3.56 

9.800 

1.56516 

0 . 0775  3 

-2.74 

14.800 

1.39831 

0.04941 

0.94 

5.  100 

1.(7587 

0.017*5 

-1.57 

8.400 

1.56790 

0.07785 

-2.75 

15.000 

1.3,669 

0.05073 

1*16 

4 .400 

1  .(  ?4b| 

0.01780 

-3.56 

4.000 

1.56054 

9.07316 

-2.72 

15.200 

1.336,1 

0.05208 

1.40 

5.500 

1  .*?  3  §1 

0.01 *tf 

-  1.54 

4. ICO 

1.55876 

0.07351 

-2.69 

15.400 

1.33366 

0.05349 

1.(4 

5  •••CO 

t  •♦*?!  *H 

o.im? 

-1.5? 

4.  ZOO 

1.55589 

0.07304 

-2.65 

15.600 

1.31361 

0.65444 

1.90 

9.  700 

1  -  6?0»5 

0.01  1 !  9 

-1.51 

4.300 

1.55149 

0.07417 

-2.67 

15.000 

1.36966 

0.05644 

2.17 

5 .400 

1.C1S7  8 

0.01 *44 

-1.44 

4.400 

1.55106 

0.07451 

-2.50 

16.000 

1 .29,, 3 

0.05800 

7.45 

5.'i00 

l  .M  700 

0.01411 

-3.48 

4.500 

1.54859 

0.C7485 

-7.55 

*ln  lh>-  more  decimal  places  arc  reported  than  warranted  merely  for  the  purpose  of  tabular  smouthnesa  and  Internal  comparison. 

I  ni  mcamnKfid  decimal  pine  cm  and  uncertainties  of  tabulated  values  in  various  wavelength  ranges,  see  the  text  of  subsection  3.2. 


WAVELENGTH 


TABLE  12.  SOURCE  AND  TECHNICAL  INFORMATION  ON  THE  REFRACTIVE  INDEX  AND  dn/dT  MEASUREMENTS  OF  LiCl 


3. 3.  Lithium  Bromide,  LiBr 


The  only  available  measurement  on  the  refractive  index  of  crystalline  LiBr  was 
made  for  one  spectral  line,  the  sodium  D  line,  by  Spangenberg  [45]  using  the  immersion 
method.  For  molten  LiBr,  Zarzyski  and  Naudin  [44]  determined  the  index  for  the  Hg 
green  line  at  a  temperature  of  843  K. 

The  reasons  for  the  scantiness  of  the  data  are  the  difficulties  in  crystal  growing 
and  sample  preparation.  A  number  of  other  physical  properties  of  LiBr  were  investigated; 
values  are  given  in  Tables  2  and  3.  Although  there  is  only  one  value  of  n  available,  a 
dispersion  equation  can  be  constructed  by  incorporating  the  available  data  on  the  dielectric 
constants,  the  wavelengths  of  absorption  peaks,  etc.,  into  a  two-oscillator  dispersion 
equation.  Using  the  values  of  known  parameters  listed  in  Table  3  and  the  available 
refractive  index,  we  obtain 

c  =13.23, 
s 

e  =3.16, 
uv 

Xu  =  0.164  jim  (averaged  value  of  three  peaks) , 

XI  =  57.80  fxm, 

n  =  1. 784  for  X  =  0.  5893  pm. 

The  constant  A  of  Eq.  ( 13)  is  found  to  be  2. 88.  This  leads  to  a  dispersion  equation  for 
LiBr  valid  at  293  K  in  the  transparent  region,  0. 21-20  pm: 


n2  =  2. 88  + 


0.  28  X2 
X2  -  (0.164) 2 


10.07  X2 
X2  -  (57. 80) 2 


(27) 


where  X  is  in  units  of  pm. 

No  experimental  data  on  dn/dT  is  available.  However,  our  empirical  findings  in 
Table  5  were  used  to  assemble  a  formula  of  LiBr  for  the  transparent  region: 


2n  ir =  ~14, 94  ( n2_1) "  14- 18 


28.08  X4 


503. 50  X4 


( X2  -  0. 02993) 2  (  X2  -  3340.  84) 2 


(28) 


where  dn/dT  is  in  units  of  10-5  K”1  and  X  in  pm. 


Equations  (27)  and  (28)  were  used  to  generate  the  reference  data  given  in  the  table 
of  recommended  values.  Since  these  equations  are  based  totally  on  the  data  on  the  thermal 
linear  expansion,  the  dielectric  constants,  the  wavelengths  of  absorption  peaks,  and  the 
empirical  parameters,  the  accuracies  of  the  calculated  values  are  controlled  by  the 


] 
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uncertainties  in  these  quantities.  The  following  criteria  were  established  after  these 
correlated  parameters  were  carefully  Btudied. 


For  refractive  index: 

Wavelength  Range 

(nm) 

0.21-  0.30 
0.30-  1.00 
1.00-  6.00 
6.00-11.00 
11.00-20.00 

For  dn/dT: 

0.21-  0.40 
0.40-13.0 
13. 00-20.0 


Meaningful 
Decimal  Place 

2 

3 

3 

2 

2 


1 

1 

1 


Estimated 
Uncertainty,  ± 

0.01 

0.005 

0.008 

0.01 

0.05 


0.9 

0.4 

0.9 


i 


r>4 


TABLE  14.  RECOMMENDED  VALUES  ON  THE  REFRACTIVE  INDEX  AND  ITS  WAVELENGTH  AND 
TEMPERATURE  DERIVATIVES  FOR  UBr  AT  293  K  * 


X 

4m 

n 

dn/dX 

dn/dT 

10 "•  K*1 

A 

jiJii 

n 

~ dn/dX 
fjm'4 

dn/dT 
10 -*  K*4 

X 

jjm 

n 

-cta/dX 

jim’*1 

dn/dT 
10-5  K“* 

0.210 

1.69674 

2.81741 

57.73 

0.375 

1.79605 

0.12220 

-0.55 

1.753 

1.77574 

0.00370 

•4.99 

Q.212 

1.89133 

2.55187 

52.59 

3.360 

1.79545 

0.11(06 

-0  •  7t 

1.690 

1.77555 

0.00300 

•4.59 

0.214 

1.86635 

2.392C8 

46.12 

0.385 

1.79489 

0.  11036 

-0.91 

1.650 

1.77536 

0.00363 

•5.00 

0.216 

1.88175 

2.21426 

44.20 

0.390 

1.  *9435 

a • 1 05  c  7 

-1.06 

1.900 

1.77516 

0,00366 

-5. 00 

0 . 21  A 

1.87748 

2.0*535 

40.74 

0.395 

1.79364 

C.  10C12 

-1.2C 

1. 950 

1.77497 

0,00390 

-5.01 

0.220 

1.87  352 

1.91273 

37.67 

0.400 

1.79335 

0.09546 

-1.34 

2.0  00 

1.77477 

0.00394 

-5.01 

0,222 

1.86)6? 

1.76425 

34.93 

0.410 

1.79244 

0.08709 

-1.56 

2.050 

1.77458 

0.00399 

-5.02 

0,224 

1.66637 

1.64811 

32.47 

0.420 

1.79160 

0.C7569 

-1.00 

2.100 

1.77436 

0.00444 

-5.02 

0.27b 

1.66314 

1.51278 

3  0.25 

0.430 

1.79064 

0.C7315 

-2.0C 

2.153 

1.77417 

0.00409 

-5.C2 

0 . 22  A 

1.86011 

1.46696 

26.25 

0  .440 

1.79014 

0. C6735 

-2.15 

2, 2  JO 

1.77397 

0.09415 

-5.C2 

0.230 

t. 65727 

1.37955 

26.43 

0.450 

1.78949 

0.06217 

-2.35 

2.253 

1.77376 

11.00421 

-5.03 

0 .232 

1.85459 

1.29958 

24.  77 

0.460 

1.78889 

0. C5754 

-2.5C 

2.300 

1.77354 

t  ,00427 

-5.03 

0.214 

1.86237 

1.22625 

21.25 

0.470 

1.78634 

0.C5336 

-2.64 

2.350 

1.77333 

3.00434 

-5.03 

0.236 

l  .64  96  6 

1 .15663 

21.81 

0.480 

1.7 9762 

0.04963 

-2,77 

2.400 

1.77311 

Q .00440 

-5.03 

0.238 

1.64743 

1  • 3  c6  ?1 

20.57 

0.490 

!.  78  734 

0.C4625 

-2.09 

2.450 

1.7720? 

0.00447 

-5.03 

0.240 

1.84529 

1.03936 

19.39 

0.500 

1.76690 

C.C4316 

-3.0C 

2.500 

1.77266 

0.00454 

-5.C3 

0.24? 

l  .64J27 

C.  90629 

18.3C 

0.510 

1.78646 

0.Q4C39 

-3.1C 

2.550 

1.77243 

0.00*61 

-5.03 

0.244 

1.64134 

C .93710 

17.29 

0.520 

1.76609 

0.03785 

-3.15 

2.600 

1.77220 

0.00469 

-5.C3 

0.246 

1.8395? 

0.89141 

16.34 

0.530 

1.70572 

C.  0  35  *  4 

-3.26 

2.650 

1.77197 

0.00*76 

-5. 03 

0.248 

1.83778 

0.94591 

15.47 

0.540 

1.76536 

C.C3342 

-  3  •  3( 

2.700 

1.77173 

0.00483 

-5. 63 

0.280 

1.63612 

O.0C930 

14.65 

0.550 

1.78505 

C  .03146 

-3.43 

2.75C 

1.77146 

0.00491 

-5.C3 

0.28? 

1.63454 

0.77213 

13.88 

0.560 

1.76475 

0.029(9 

-3.50 

2.600 

1.77124 

0  •  0  C  4  90 

-5. Q3 

0.284 

t.  63  303 

0.73777 

11.17 

0.570 

1.78446 

0 . C2605 

-3.57 

2.65Q 

1.77098 

0.00506 

-5.C3 

0.286 

l  •  8  3 1  5  6 

0.70541 

12.49 

0.560 

1.76419 

0.02654 

-3.63 

2.90C 

1-77073 

0. 00514 

-5.C  ? 

0.258 

1.63023 

0.67509 

11.86 

Q.550 

1.78393 

0 .02514 

-3.(9 

2.950 

1  .  7704  7 

0.00522 

-  5  .  C  2 

0.260 

1 .82868 

C • 64 1 1 ? 

11.27 

0.600 

1.76366 

0.02384 

-3.75 

3.000 

1.77021 

0.00529 

-5.02 

0.262 

1.827b? 

0.61986 

10.71 

0.620 

1.70323 

0.C2153 

-3.05 

3.05C 

1,76594 

0.00537 

-5.02 

0.264 

1.82640 

0.59418 

10.16 

0.640 

1.70262 

0.01964 

-3.94 

3.100 

1.76967 

0.00545 

-5.4? 

0.266 

1.62524 

0.57056 

9.68 

0  .660 

1.76245 

0.C1761 

-4.02 

3.150 

1. 76540 

0.30554 

-5.12 

0.263 

1.82*12 

0.54659 

9.21 

0  .660 

1.78211 

0.01(39 

-4.09 

3.200 

1.76512 

0.005(2 

-5.02 

0.270 

1.62304 

0.52746 

8.76 

0.700 

1.76179 

0.01496 

-4.lt 

3.250 

1. 76063 

0.00570 

-5.01 

0.272 

1 .62201 

0.507*9 

6.  33 

0.720 

1.78150 

0  .  C  1 3  6  2 

-4.22 

3.300 

1.76055 

0.00578 

-5.01 

0.274 

1.82101 

0 .46860 

7.93 

0.740 

1.78124 

0. 01279 

-4.2? 

3.  150 

1 .760?( 

0.00566 

-5. Cl 

0.276 

1.62005 

0 .47C71 

7.54 

0.760 

1.76099 

C. 011(6 

-4.32 

3.400 

1.76796 

0  .0  0595 

-5.01 

0.278 

1.61913 

0.45375 

7.16 

0.760 

1.78076 

0.01108 

-4.3? 

3.450 

5.76766 

0.0366  3 

-5.00 

0.280 

1.61824 

0.43766 

6.03 

0.600 

1.76055 

0.01036 

-4.41 

3.500 

1.76736 

0.0061  1 

-5. CO 

0.282 

1.61736 

0.42237 

6. 5  C 

0.620 

1.78035 

O.C0971 

-4.45 

3.550 

1  .  76705 

U.  00620 

-5.  GO 

0.264 

1.61655 

0.40785 

6.18 

0.840 

1.76016 

0.00914 

-4.46 

3.6C0 

1.76674 

0.00628 

-5.00 

0.286 

1.61574 

0  *  3C  4Q4 

5.86 

0.860 

1.77598 

0. C0862 

-4.52 

3,650 

1.76642 

0.00637 

-4.99 

0.266 

1.81497 

0  •  3  6  C  89 

5.59 

0.860 

1.77561 

0.00015 

-4.55 

3.700 

1.76610 

0.006*5 

-4. 99 

0.290 

1.81422 

0.31636 

5,31 

0.900 

1.77966 

0. 00774 

-4.57 

3.750 

1.76578 

0.006*4 

-4,59 

0.262 

1.61 350 

0.35141 

5.04 

0.920 

1.77950 

0.00736 

-4.6C 

3.630 

1.76545 

0.00662 

-4.se 

0.2*4 

1,81279 

0.34502 

4.79 

0.940 

1. 77516 

0. G0701 

-4.62 

3.  650 

1*76512 

0.0067  1 

-4.98 

0.296 

1.61212 

0.33414 

4.55 

0.960 

1.77922 

0 . CO  670 

-4.65 

3.900 

1.76478 

0.00679 

-4.50 

0.296 

1.61146 

0.32375 

4.  31 

0.980 

1.77909 

0,0064? 

-4.67 

3.950 

1,76444 

0.00609 

-4.97 

0.300 

1.61062 

0.31381 

4.09 

1.000 

1.77697 

0.00617 

-4.69 

4.000 

1.76409 

0.00697 

-4.97 

0.  J85 

1.60931 

0.25061 

3.56 

1.050 

1.77  667 

0,00562 

-4.73 

4.050 

1,76374 

0.00705 

-4.97 

0.  310 

1.80791 

0,27015 

3,09 

1.100 

1.77640 

0.C0519 

-4,77 

4.100 

1.76336 

0.00714 

-4.96 

0.315 

1.60660 

0.25152 

2.65 

1.150 

1.77815 

C.C0485 

-4.60 

4.150 

1.76302 

0.0072  3 

•4,96 

0.320 

1.60 5 39 

0 .23416 

2.25 

1.200 

1.77792 

0 • CO  456 

•4.63 

4.200 

1.7 626  ( 

0.007  32 

•4.96 

0.  125 

1.60426 

0.21940 

1.60 

1.250 

1,77769 

0.00437 

-4.66 

4.250 

1.7622? 

0.00740 

•4.55 

0.330 

1.60319 

0.209*0 

1.55 

1.300 

1.77748 

0.00420 

-4,68 

4.300 

1.76192 

0.00749 

•4.95 

0.315 

t. 60220 

0.15282 

1.24 

1,350 

1.77727 

0.00407 

-4.90 

4.350 

1.76154 

0.00756 

•4.94 

0.340 

1.60126 

0.16123 

0.95 

1.400 

1.77707 

0.00397 

-4.91 

4,400 

1.76116 

0.007(7 

-4. 94 

0.349 

1.60038 

0.17060 

0.66 

1.450 

1.77668 

0.00289 

-4.93 

4.450 

1.76076 

0.00776 

-4.93 

0. 160 

1.79956 

0.16074 

0.43 

1.560 

1.77666 

0.0026? 

-4.94 

4,506 

1.7603? 

0.00765 

-4,93 

0.155 

1.79677 

0.15185 

0.2C 

1.550 

1.77649 

0.00360 

-4.95 

4.550 

1.7599? 

0.00794 

-4.93 

0.360 

1.79904 

0.14395 

-0.02 

1.600 

1.77(30 

0.06370 

-4.96 

4.600 

1.7555? 

0,00802 

-4.9? 

0.365 

1.79734 

0.13506 

-0.22 

1.660 

1.77611 

0.06377 

-4.97 

4.650 

1.75919 

0,00611 

-4.92 

0.370 

1 .79661 

0.12076 

•0.41 

1.761 

1.77593 

0.00377 

-4.96 

4.70ft 

1.75878 

0, 00620 

-4.91 

TABLE  14. 


RECOMMENDED  VALUES  ON  THE  REfS ACTIVE  INDEX  AMD  ITS  WAVELENGTH  AND 
TEMPERATURE  DERIVATIVES  FOR  LtBr  AT  »!  K  [iiiiMIniiiTI* 


X 

D 

-<fc/dX 

IE*"* 

<WdT 

10 -*K-* 

X 

H* 

O 

-<VdX 

tE*"1 

dn/dT 
10- K- 

X 

tt 

Hta/dX 

(**■* 

da/dr 
10- E-* 

A.  Ml 

l#79  837 

1. 10 129 

•*.41 

0.100 

1.72000 

0.01*7* 

-*.*l 

13.401 

1.00*70 

**•99 

Aviso 

1.79  741 

I.III3I 

-*.91 

0.200 

1.71091 

1.11*99 

-A.30 

11.000 

1.003*0 

0.00*46 

-2.99 

iM 

1.75793 

1.110*7 

-*.90 

0.300 

1.71700 

0.11520 

-4.36 

13.000 

i. sorgo 

8.1*9?? 

•Ml 

A. Ill 

1.75711 

I.II0I4 

-*.04 

O.ACO 

1.715*7 

0.115*1 

-*.33 

14.000 

1.54112 

••6*993 

•Ml 

A  #  HI 

1.75447 

0.10045 

-4.69 

0.900 

1.71392 

0.11562 

•k 

14.211 

1.90111 

0.(1014 

-2.09 

1.000 

1.75(7* 

0.11075 

-*.00 

0.000 

1.7123* 

4.0114* 

-*.29 

14.400 

1.57511 

•  ••1125 

•  1.96 

4,100 

1.75534 

0.11043 

-*.07 

0.700 

1.71075 

0.01605 

-4.24 

14.000 

1.57101 

•*•1193 

•  1.61 

9#  200 

1.754*5 

t.lllll 

-4.66 

4.000 

1.70413 

0.11427 

-4*14 

14.000 

1.50030 

••11262 

-!•?• 

9,311 

1.75353 

1.10424 

•*.05 

1.901 

1.70750 

0*61649 

-4.22 

15.000 

1.9*570 

0.(5333 

-1.56 

5.400 

1.75  241 

0.119*0 

-4.64 

4.110 

1.7010* 

0.11671 

-4.05 

15.200 

1.55101 

0.13*05 

-l.*2 

5.500 

1.75144 

1.114(4 

-4.62 

4.101 

1.70*15 

4.(1643 

-4.17 

15.401 

1.54(14 

l*6S9  79 

-!•*? 

9.400 

1.75144 

0.10489 

-4.61 

4.210 

1.702*5 

0.41715 

-4.14 

15.000 

1.91531 

0.(355* 

-1*12 

9. 100 

1.74967 

0.0100* 

-4.61 

9.311 

1.70072 

0.01734 

•4.11 

15.000 

1.41153 

1.(3631 

-••96 

9,801 

1.7*044 

0.01022 

-*.79 

4. *41 

1.(9047 

4.01760 

-4.04 

14.000 

1.5245* 

0.(3710 

-0.29 

9.400 

1. 7*742 

1.011*1 

-4.77 

4.541 

0.(9720 

0.0(783 

-4.04 

10.200 

1.017*0 

(.13791 

•5.62 

e.ooo 

1.7*457 

0.110(0 

-*.74 

4.400 

1.195*1 

0.61805 

-4.43 

10.400 

1.5*542 

•  •63679 

-••99 

(.100 

1.7*550 

0.01074 

-*.79 

4.700 

1.19394 

0.01820 

-4.01 

10.000 

1.0*195 

(.03458 

-••26 

6*200 

1.74441 

o.otooo 

-*.73 

9.890 

1.49171 

0.01011 

-3*96 

16.000 

1.4515* 

0.040*5 

-9*67 

4.  100 

1.7*331 

0.01117 

-*.72 

4.900 

1.68969 

0.01878 

-3.45 

17.000 

1.40540 

6.I913h 

•  •13 

€  .  400 

1.7*218 

0.01137 

-*.70 

10.000 

1.(8800 

8.61696 

-3.42 

17.200 

1.47I0S 

0.0*221 

•  •34 

(.800 

1.74103 

0.11156 

-4.69 

10.200 

1.(6416 

0.019*8 

-3.86 

17.400 

1.40050 

6*693  31 

0.55 

6*600 

1.73987 

1.11175 

•*.47 

10. *00 

1.18022 

0.11443 

-3.00 

17.000 

1.45577 

1.69415 

8.76 

6  •  7  0  o 

1.73868 

1.11149 

-*.  4( 

10.400 

1.47414 

0.020*2 

-3.73 

17.000 

1.455*4 

1.0*11* 

1*61 

6 . 010 

1.737*0 

1.1121* 

•4.64 

10.800 

1.(7201 

0.02041 

•3.CI 

10.000 

1.44171 

••69615 

1.25 

6 .900 

1.73425 

0.0121* 

•*.42 

11.000 

1.1678? 

0.001*1 

•3.66 

10.2*0 

1.43210 

(.0*719 

1*50 

7.000 

1.73501 

0.012'* 

-4.61 

11.200 

1.  (63*9 

0.02191 

-3.52 

10.40* 

1.422*3 

6  •  6  96  2  7 

1.76 

1. 100 

1.73375 

0.0127* 

-*.09 

11. *00 

1.45404 

0.022*3 

-3.41 

io.ooo 

1.413*7 

0.0*937 

2.63 

r.oio 

1.732*4 

0.0124* 

-*.  4  7 

11.400 

1.15*52 

0.02295 

-3.37 

10.000 

1.4*300 

8.85851 

2.31 

7.300 

1.73114 

0.0131* 

•4.95 

11.000 

1.1*408 

0.123*8 

-3.25 

19.000 

1.352*4 

6*66166 

2.66 

'.A0  0 

1.72983 

0.0133* 

-*.5* 

12.000 

1.4*113 

0. (2*01 

-3.21 

19.20* 

1.302*1 

0.(5284 

2.91 

7.500 

1.728*9 

0.013!* 

-4.52 

12.200 

1.4*027 

0.02*10 

-3.1? 

19.410 

1.37170 

(.05*1* 

3.23 

7.400 

1.72713 

0.0137* 

-*.50 

12. *11 

1.(3531 

0.02112 

•3.0* 

19.400 

1.30*71 

(.051*3 

3.56 

7.700 

1.7257* 

0.01345 

-4.46 

12.400 

1.(3123 

0.025(8 

-2.5* 

14.0*0 

1.3*403 

1.(5677 

3.50 

7.800 

1.72*3* 

0.01*15 

•4.46 

12.800 

1.(2103 

0.02(26 

-2.05 

20.000 

1«  3366* 

6.05619 

4.26 

7.400 

1.72291 

0.01*34 

-4.44 

13.000 

1.21972 

0.42(4* 

-2.75 

*  In  Ihln  l.ible  more  decimal  place*  are  reported  than  warranted  merely  for  the  parpoee  of  tabular  aaaoothnaaa  and  Intenml  comparlaon. 
lor  meaningful  decimal  places  and  uncertainties  of  tabulated  values  In  various  wavelength  range*,  see  the  toot  of  aabaeotlon  3.9. 


WAVELENGTH 


-dn/dX  ,/xm' 


I 


BROMIDE  LiBr 


1 


WAVELENGTH ,  X  f  ftm 


TABLE  15.  SOURCE  AND  TECHNICAL  INFORMATION  ON  THE  REFRACTTVF  INDEX  AND  dn/dT  MEASUREMENTS  OF  UBr 
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3. 4.  Lithium  Iodide,  Lil 

Only  one  value  of  the  refractive  index  of  Lil  is  available,  measured  by  Spangenberg 
[45]  in  1923.  Such  scantiness  of  data  is  probably  due  to  difficulties  in  crystal  growing 
and  sample  preparation.  A  number  of  other  physical  properties  of  Lil  are  known;  some 
values  are  given  in  Tables  2  and  3.  With  this  single  value  of  n,  the  dispersion  equation 
can  still  be  constructed  by  utilizing  the  available  information  on  the  dielectric  constants 
and  the  wavelengths  of  absorption  peaks. 

Using  the  values  of  known  parameters  listed  in  Table  3  and  the  available  value 
of  n,  we  find 

e  =11.03, 
s 

e  =3.80, 
uv 

X^  =  0.171  pm  (averaged  value  of  7  peaks), 

Xr  =  70. 42  Jim, 

n  =  1. 955  for  X  =  0. 5893  pm. 

The  value  of  the  parameter  A  of  Eq.  (13)  was  found  to  be  3.  55.  This  leads  to  a  dispersion 
equation  for  Lil  which  is  valid  at  293  K  in  the  transparent  region,  0. 25-25  pm: 

n2  =  3. 55  + — —  - + — 7-^3  *2 - ,  (29) 

X2  -  (0.171) 2  X2  -  ( 70. 42) 2 

where  X  is  in  units  of  pm. 

No  experimental  data  on  dn/dT  is  available.  However,  our  empirical  parameters 
in  Table  5  lead  to  a  formula  for  dn/dT  in  the  transparent  region: 


318. 12 


2nlr=  -17.82  (n2-l)  -  14,90+ - 36, 4 --** -  4 - --1— —  ^ -  (30) 

(X2  -  0.04494)2  (X2  -  4958.98)2 

where  dn/dT  is  in  units  of  10" 5  K"1  and  X  in  pm. 

Equations  (29)  and  (30)  were  used  to  generate  the  recommended  values.  Since 
the  construction  of  these  equations  is  based  totally  on  the  available  data  on  the  thermal 
linear  expansion,  the  dielectric  constants,  the  wavelengths  of  absorption  peaks,  and  the 
empirical  parameters,  the  reliability  of  the  calculated  values  is  governed  by  the  uncertainties 
of  these  quantities.  The  following  accuracies  were  estimated  after  carefully  studying  the 
correlated  properties: 
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For  refractive  index: 

Wavelength  Range 

Meaningful 

Estimated 

(jun) 

Decimal  Place 

Uncertainty,  ± 

0.25-  0.30 

2 

0. 01 

0.30-  1.00 

3 

0.  005 

1.00-  8.00 

3 

0.  008 

8.00-13.00 

2 

0.01 

13. 00-25. 00 

2 

0.03 

For  dn/dT: 


TABLE  17.  RECOMMENDED  \  ALUKS  ON  Till'  KKFKACTIVE  INDEX  ANl)  ITS  WAVELENGTH  AND 
TEMPERATURE  l)tlIIVATlU:s  loR  1.11  A  I  2»:l  K* 


X 

pm 

a 

-da/dX 

|f31  “4 

da/dT 

Hr*  K-* 

X 

liXTl 

n 

-iln/dA 

jjm-1 

dn/dT 
10-4  K*1 

X 

jjin 

a 

-da/dX  dn/dT 
ym**  lO^K-* 

0.?50 

1.00492 

0.62474 

97. At 

0.550 

l.®5bU 

C. 37 7*9 

-3.8! 

2.753 

1.99677 

0.00225  -7.13 

t  .552 

2.00  331 

0.7*344 

09.19 

0.560 

1.55*82 

6  •  C?*  TC 

“  9  •  L  J 

2.  90£ 

3.99666 

0.00226  *7.19 

0.254 

2.0C17* 

0.74563 

61.(4 

0.570 

1.55557 

-9.19 

2.1®: 

1.99655 

y • 0  92  3 1  -7.19 

(.556 

2.00032 

C. 7103* 

75.03 

0.580 

1.9553? 

C  .C2 3  92 

-9.29 

2.9CC 

1.99(93 

0.00223  -7.14 

0.25  8 

t. 998 54 

0.67752 

6®.  15 

0.593 

1.95511 

C.  722 19 

-9.9i 

2.950 

1.996J1 

0.00236  -7.19 

0.260 

1.44762 

0.646*2 

69*0? 

0.600 

1*55946 

C. 62756 

-9.52 

3.  OJO 

1.99(19 

0.00290  -7.14. 

8.262 

1.94635 

0.61(12 

*9.9( 

0.620 

l.«555« 

c  ■ 

-9.73 

3.051 

1.99(07 

0.C3293  -7.15 

0.264 

1.94514 

0.59123 

65. 26 

0.650 

1 . 9  5  4. 1  * 

C.  :i7C! 

-9.61 

3.  ICO 

1.99595 

4.00246  -7.15 

0.266 

1 . 99399 

0.56(02 

51.53 

0.660 

1. 95**1 

t . :  i  «.  5 

-5.10 

3.150 

1.99683 

0.00299  -7.15 

0.266 

1.992*6 

0.5*254 

98.16 

0.680 

1.85351 

o  •  c  i  4*  r  7 

-5.23 

3.200 

1.96S7C 

0 • 0  0  2! 2  -7.15 

0.770 

t. 991*2 

0.52007 

45.  it 

0 .70  J 

1.95329 

c.  :i2*e 

-5. 3( 

3.250 

1.99557 

0.00256  -7.15 

0.272 

1.94030 

0  .45411 

92.3  2 

0.720 

1.95299 

C.C1I8Q 

-5.98 

3.300 

1,99595 

0. 08259  -7.15 

0.274 

1.94902 

0.47925 

39.77 

3.750 

1.95277 

(,.  CU86 

-5.5® 

3.350 

1.99*3? 

0.00262  -7.15 

0.276 

l.  *.*«** 

0.4(071 

37.55 

0.760 

1*95256 

0.  C10C3 

-5.66 

3.900 

1499*18 

0.002(6  -7.15 

0.270 

1.9*79* 

0.44210 

35.29 

0.783 

1.95737 

0.  CCC.2  9 

-5.7? 

J.  <*5C 

1.99505 

0.00269  -7.15 

0.2»J 

1.4*711 

0.42(45 

33.  31 

C.800 

1.95719 

0.  COAfc  3 

-5.06 

3.500 

1.99991 

0.05272  -7.15 

0.2*2 

1.9*627 

0.41070 

31.4*9 

0.820 

1.952C2 

C.  C3JU9 

-5.99 

3.550 

1.99976 

0.0027b  -7.15 

0.204 

1.9*546 

1.39577 

29.79 

0.850 

1.95187 

0  •  CO  7 ?  0 

-6.01 

3.600 

1.99969 

C. 01279  -7.15 

0.206 

1.4*464 

0.301(1 

78.22 

0.860 

1.95172 

c.  co7: 3 

-6.07 

3.650 

1 . 9995C 

0.00283  -7.15 

0.200 

1.4*394 

C  .36  017 

2*. 7* 

0.880 

1.55158 

0.  CC(59 

-6.13 

3. 7  CO 

1.99936 

O.C0286  -7.15 

0.260 

1.9*321 

0.15541 

25,39 

0.900 

1*9$19( 

C. Cy( 20 

-6.19 

3.750 

1.99921 

9,00750  -7.15 

0.242 

1 .9*  251 

0.34327 

75.12 

0.920 

1.95139 

0.00! 85 

-6.29 

3.803 

1.99907 

0.00299  -7.15 

0.244 

1.9*104 

0.33173 

22.92 

0.950 

1.95122 

c.c:*?3 

-6.28 

3.  850 

1.99392 

0.00297  -  *  .  1 5 

0.296 

1.4*114 

0.32073 

21. SI 

0.9(0 

1.65111 

0.03523 

-6,33 

3.930 

1.99377 

0.U0J01  -7.15 

0.240 

1.9*056 

0.31025 

70.75 

0.98  0 

1.95101 

C.  C04.67 

-6. 37 

3.950 

1.99*6? 

0.00U9  -7.15 

0.400 

1.97945 

0.30026 

19.77 

1.000 

1.95092 

0. C0972 

-6.91 

9.000 

1.99396 

0.09118  -7.15 

0.315 

1.97*50 

0.27722 

17.55 

1.050 

1.99069 

0. C0920 

-6.99 

9.050 

1.99*31 

0.00  112  -7.  15 

0.310 

1.97717 

0.251(4 

15.  6C 

1.100 

1.95090 

C.C0378 

»fc  •  5  7 

9.100 

1.49*1! 

0.00  3  1  5  -7.1*. 

0.315 

1.97593 

0.22010 

13.91 

1.160 

1.95031 

0 • CO  399 

-6,(3 

9.150 

1.99299 

0.00319  -7.14 

0.  320 

1.9747* 

0.22156 

12.91 

1.200 

1.95015 

C. C0311 

-6.(6 

9.200 

1.99283 

0.00  32  3  -7.1*. 

0.325 

1.47371 

0.2*655 

11.05 

1.250 

1.95000 

C.CJ293 

-6.73 

9.2SC 

1.99267 

0.30126  -7.14 

0.130 

1.97272 

0.14296 

9.91 

1.300 

1.99986 

C. C0279 

-6.77 

9.300 

1 • S9£5  1 

8.09  130  -7  .14 

0.339 

1.4717* 

0. 1*0(0 

8.  85 

1.150 

1.99977 

C  ■  C  0  7  *8 

-6.81 

9.350 

1.99239 

9.303*4  -7.14 

0. 340 

1.97091 

0.1(435 

7.9C 

1.4*00 

1  *  9996  C 

0.00296 

-6.09 

9.900 

1.9921 7 

0*04  337  -7.li* 

0.345 

1.97009 

0.15506 

7.  03 

1.950 

1.99998 

0.C0235 

-6.87 

9.950 

1.99200 

0.0  9  3  4-1  -7.1  *. 

0.350 

1.96912 

0.144(4 

6.2! 

1.500 

1.99936 

0.00226 

-6.60 

9.500 

1.9916? 

C.  00345  -7.1  3 

0.355 

1.96059 

0.14100 

5.53 

1.550 

1.69925 

0  .  CO?  19 

-6.62 

9.550 

1.99166 

0.00349  -7,13 

0.360 

1.96  791 

0.133(4 

4*.  80 

1.603 

1.99919 

0.0021  3 

-6.99 

9 «  600 

1.99198 

0.05352  -7,13 

0.365 

1.46726 

0.12571 

9.26 

1.650 

1.99909 

C.C02C9 

-6 . 9( 

9.650 

1.99131 

0.00356  -7,13 

0.370 

1.96664 

0.11043 

J.7? 

1.700 

1.99893 

C.C02C5 

-6.98 

9.700 

1.9911 J 

0.333(0  -7,13 

0.375 

1.46607 

0.112(7 

1.22 

1.750 

1.99083 

0  *  00202 

-7.00 

9.750 

1.99095 

0.003(4  -7,13 

0.3*0 

1.96552 

0.10605 

2.  7! 

1.600 

1.99873 

0.C02C0 

-7,01 

9.600 

1.99077 

0.00367  *7.12 

0.3*5 

1.96500 

0.11116 

2.31 

1.890 

1.99863 

C. 80159 

-7.0? 

9.650 

1.99056 

0.60371  -7.12 

0.340 

1.96450 

0.55644 

1.9C 

1.900 

1.99653 

0.80196 

-7.C3 

9.960 

1.99039 

(.00375  -7.1? 

1.395 

1.96403 

0.04176 

1.52 

1.95  0 

1.99893 

C .00198 

-7.05 

9.950 

1*96(21 

0.00379  -7.12 

0.401 

1.96359 

0.00739 

1.17 

2  •  Qfl  0 

1.99813 

0.001S7 

-7,06 

5.000 

1.9900? 

0.00383  -7,12 

0.410 

1.96275 

0.07450 

O.f  3 

2.050 

1.99823 

C.C01S6 

-7.06 

5.100 

1.93463 

0.00390  -7.il 

0.420 

1.96144 

0.0  7257 

-0.03 

2.100 

1.99619 

0.00199 

-7.07 

5.208 

1.93523 

0.00398  -7.11 

0.430 

1.96130 

0.0(047 

-0.59 

2.150 

1.99609 

0  *  CO  1 99 

-7.08 

5.300 

1.43663 

0.00406  -7.10 

0.440 

1.96066 

0.161(6 

•0.10 

2.200 

1.99799 

0.  C0201 

-7.89 

5.930 

1.9369? 

6.06413  -7.16 

0.450 

1.96000 

0 .15674 

•1.30 

2.25  0 

1.99769 

0.00712 

-7.09 

5.580 

1.93601 

0.00921  -7. 09 

0.460 

1.45454 

0.05145 

-1.29 

2.300 

1.99773 

0.C02C9 

-7.1C 

5.660 

1.93756 

(.06929  -7.(9 

0.470 

1 .95  9  0  4 

0.54004 

-2.07 

2.360 

1.99763 

0.(0206 

-7.11 

5.700 

1.93715 

0.00937  *7.08 

0.4*0 

1.95057 

1.144(3 

-2.36 

2.900 

1*99753 

0 • C02C6 

-7.11 

5.i«« 

1.93671 

0.00945  -7.00 

0.400 

1.95014 

0.04151 

-2.63 

2.990 

1.99792 

0.00210 

-7.11 

5. 900 

1.93626 

1.06952  -7.07 

0.500 

1.95  774 

0.030(0 

-2.80 

2.980 

1.9971? 

0.0021? 

-7.12 

6.090 

1.93560 

6.66960  -7,06 

0,410 

1.95737 

0.03(12 

-3.11 

2.990 

1.99721 

8 • CO  219 

-7.12 

6.110 

1.93539 

6*06461  -7.66 

0 .520 

1.95712 

0.03174 

-3.31 

2.600 

1.19710 

0.80217 

-7.13 

6.200 

1.93467 

0*60476  -7.05 

0.510 

1.45601 

0.03116 

-3.91 

2.690 

1.99700 

0.00219 

-7.13 

6.300 

1.93439 

0.60404  -7.05 

0.540 

1.95630 

1.0(572 

-3.68 

2.700 

1.99669 

0.00222 

-7.13 

6.601 

1.93390 

0.0649?  -7.09 

TAILS  17, 


recommended  values  on  the  refractive  index  and  rrs  wavelenoth  and 

TEMPERATURE  DERIVATIVES  FOR  UI  AT  233  K  (ecsdUaasd)* 


X 

m 

-<w<tx 

du/<rr 

13-*  K-* 

X 

ft 

-dn/dX 

(»■* 

<M/dT 

10-4  K-* 

X 

D 

-dn/dX 

dm/dT 
10*  K*4 

Mil 

1.31140 

3.13333 

-7.03 

9.700 

1.41318 

3.08763 

-4.73 

15.600 

1.09099 

0.11302 

-3.54 

(.418 

1.99290 

S.3C313 

-7.3? 

4.810 

1.41240 

0.31777 

-4.72 

16.000 

1.(4566 

0.01965 

-5.53 

4.730 

1.33713 

3.3C314 

-7.01 

4.410 

1.41162 

0.CQ706 

-4.71 

16.200 

1.0920 J 

8.31423 

-5.90 

3.333 

1.93197 

3.30324 

-7.31 

11. IIS 

1.41383 

8.33745 

•4.49 

16. 900 

1.03495 

0.01953 

•5.92 

4.410 

1. 93139 

3.333:2 

-7.33 

11.211 

1.51327 

0.00013 

-4.6? 

16.600 

1.(3712 

0.01977 

-5.30 

7.333 

1.31333 

3.33343 

-7.33 

18.413 

1.41758 

o.  Boon 

-0.69 

16.000 

1.03909 

0.01502 

•5.30 

7.133 

1.3182C 

B. ICS  It 

-6.44 

13.633 

1.43543 

0.00099 

-4.(1 

17.000 

1.031(1 

0.01526 

-5.29 

7.233 

1.37371 

3. 18337 

-6.48 

13.313 

1.48418 

8.83863 

-6.34 

17.200 

1.62793 

8.81332 

-$.10 

7.333 

1.32314 

1.13313 

-6.47 

11.313 

1.41243 

8.C8886 

-4. 5( 

17.400 

1.(2461 

8.1157? 

-5.11 

7.433 

1.37433 

3.03371 

-4.44 

11.213 

1.91164 

8.81433 

-4.33 

17.600 

1.(2162 

1.816(3 

-5.05 

7.103 

1.92901 

1. 13331 

-4.44 

11.433 

1.84831 

3.C0523 

-(.50 

17. M0 

1.01039 

0.01629 

•9.50 

7.333 

1.32741 

3.11584 

-6.44 

11.630 

1.84(44 

0.08442 

-4.47 

16.400 

1.01311 

8.11635 

-9.91 

7.733 

l.<J2b§? 

3.83343 

11.910 

1.09509 

0.08461 

-6.93 

13.200 

1.31177 

0.01602 

-9  .09 

7.303 

1.37422 

1.1(134 

-9.93 

12.113 

1.09310 

8.C0981 

-4.41 

13.603 

1.80133 

8.11784 

-9.77 

7.300 

1.92901 

3.33414 

-6.47 

12.233 

1.34112 

8.31001 

-6.37 

16.638 

1.11446 

1.81734 

•9.69 

(.333 

1.924s  99 

3.13421 

•6.91 

12.430 

1.38910 

.1.01014 

-6.33 

10.000 

1.18146 

1.41744 

•9.61 

4.133 

1.32434 

c.iitn 

-6.4( 

12.633 

1.88734 

3.01034 

•6.30 

19.000 

1.79788 

0.81742 

-9.69 

t.?oe 

1.92373 

3.304:4 

•6.09 

12.010 

1.(8444 

0.01034 

-6.  26 

19.2(0 

1*7992  7 

(.81121 

•  9.9  e 

9.300 

1.92399 

3.3(448 

-6.99 

11.313 

1.88280 

0.01079 

-6.22 

19.900 

1.79068 

8.81130 

-9.37 

3.433 

1.32241 

3.33444 

•6.47 

11.203 

1.38863 

8.01349 

-6.14 

19.600 

1.71637 

1.11074 

-4.29 

I.9M 

1.37177 

1.134(4 

•6.84 

13. WOO 

1.87841 

0.01120 

-4.1* 

19.000 

1.78311 

8.(1409 

-9.20 

3.333 

1.92110 

3.33471 

•6.  Of 

11.633 

1.17(15 

1.01140 

-6.11 

20.000 

1.77423 

0.01939 

-9.11 

3.733 

1.32341 

3.18632 

-6.34 

11.318 

1.873(5 

1.011(1 

-6.16 

20.500 

1.76434 

(.02017 

•3.00 

3.333 

1.31374 

3.33848 

-6.31 

14.180 

1.17150 

8.11182 

-4.42 

21.(00 

1.73986 

1. 12147 

-3.0  3 

3.330 

1.31334 

3.13444 

•4.32 

14.211 

1.36412 

0.11286 

-1.40 

21.500 

1.76137 

1. 12101 

-3.37 

3.333 

1.31314 

(.33717 

•0.01 

19.910 

1.14664 

0. 01223 

•3.43 

22.000 

1.73733 

0.022(7 

-3.04 

3.133 

1.31741 

3.3(716 

•6.13 

14.438 

1.36621 

0.01267 

-3.14 

22.310 

1.72564 

1. 02343 

-2.74 

3.333 

1.31431 

1.13724 

-4.74 

16.133 

1.16171 

1.11269 

-5.04 

23.(00 

1.71367 

8.82632 

•2.97 

3.133 

1.31413 

8.88731 

-4.71 

13.113 

1.85414 

8.11291 

-3.74 

23.3(0 

1.78118 

1.82341 

-2.13 

3.433 

1.31344 

1.13 7 <7 

-4.77 

13.7*3 

1.35 (53 

3. 81 31 J 

-5.74 

24.(00 

1.63813 

3.12453 

-1.77 

3.330 

1.31473 

C. 31741 

-6.73 

13.433 

1.13184 

0.01336 

-3.64 

24.300 

1.67462 

3.327(1 

•1.30 

3.333 

1.31134 

1.187(0 

-4.76 

13.613 

1.33114 

0.11354 

-5.64 

25.(00 

1.66634 

3.42474 

-0.90 

*1*  this  table  mart  deeuuel  places  ars  reported  then  warranted  merely  for  the  purpose  ot  tabular  s»joothnees  and  Mernal  cogapanaun. 
Par  mesnlngRil  dnclanl  places  and  uncertainties  at  tabulated  values  In  various  wavelength  ranges,  nee  the  teat  of  esOMectioa  3.4. 
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3.  5.  Sodium  Fluoride,  NaF 

Sodium  fluoride  is  less  hygroscopic  than  the  other  alkali  halides,  with  the  excep¬ 
tion  of  lithium  fluoride.  It  is  transparent  over  the  same  range  as  calcium  fluoride  a 
wider  range  than  that  of  lithium  fluoride.  It  is  not  satisfactory  mechanically,  but  it  has 
some  uses  in  cases  where  a  particularly  low  refractive  index  is  needed.  It  can  be  easily 
evaporated  as  a  thin  film  and  can  be  used  for  reflection-reducing  coatings,  since  it  has 
one  of  the  simple  crystal  structures.  A  number  of  the  characteristic  physical  properties 
have  been  measured;  those  related  to  the  dispersion  of  NaF  are  listed  in  Table  3. 

Available  data  on  the  refractive  index  of  NaF  are  not  abundant,  mainly  because  of 
its  mechanical  weakness.  The  ultraviolet  absorption  region  was  investigated  by  Sano  [49] , 
the  transparent  region  by  Hohls  [29] ,  Harting  [30] ,  Kublitzky  [50] ,  and  Spangenberg  [45] , 
and  the  infrared  region  by  Randall  [51] .  Zarzyski  and  Naudin  [44]  obtained  n  for  molten 
NaF  at  the  Hg  green  line  at  a  temperature  of  1273  K.  After  carefully  reviewing  of  all  of 
these  Investigations,  we  selected  the  data  reported  by  Hohls  [29] ,  Harting  [30] ,  Kublitzky 
[50] ,  and  Spangenberg  [45]  as  the  basis  for  the  generation  of  reference  data.  Among  the 
selected  data,  those  of  Harting  [30]  and  Hohls  [29]  (curve  3  in  Fig.  17)  are  reliable  and 
receive  heavy  weight  in  the  analysis.  The  accuracy  of  Kublitzky' s  value  is  one  unit  of 
the  third  decimal  place,  although  his  values  are  reported  to  the  fourth  place.  Three  sets 
(curves  4,  5,  and  6)  of  Hohls’  measurements  are  for  thin  films  and  therefore  are  not 
consistent  with  those  of  bulk  materials.  Values  reported  by  Spangenberg  are  inaccurate. 
Low  weights  were  given  to  the  data  sets  with  low  accuracies. 

It  appears  that  all  the  chosen  data  we  -e  obtained  at  temperatures  close  to  293  K 
and  that  the  dn/dT  values  are  small  (less  than  -1.  5  x  1(T 5  K71) ,  so  that  corrections  to 
the  chosen  data  are  not  significant.  However,  knowledge  of  dn/dT  is  indispensable  for 
reducing  the  n  values  to  other  temperatures.  Limited  experimental  data  on  dn/dT  were 
reported  by  Hohls  and  Harting.  The  results  of  the  least  squares  fitting  of  the  dn/dT  data 
to  Eq.  (19) ,  together  with  the  results  obtained  for  LiF,  NaCl,  KC1  and  Csl,  lead  to  the 
empirical  parameter  values  listed  in  Table  5.  These  enable  us  to  construct  a  formula 


2n$S.  =  -9.51  (n2-l)  -0.92 


3. 404  X4 


83. 30  X4 


(X2  -  0.01369) 2  (X2  -  1645. 92) 2 


for  estimating  dn/dT  of  NaF  in  units  of  10" 5  K-1.  Values  calculated  by  this  equation  agree 
very  well  with  the  available  data  as  shown  in  Fig.  19. 

Radhakrishnan  [48]  worked  out  a  formula  to  correlate  the  dispersion  and  the  char¬ 
acteristic  absorption  peaks.  His  formula  gives  values  of  6. 00,  0.114  jjm  and  45  /jm  'or 


the  static  dielectric  constant,  and  the  wavelengths  of  ultraviolet  absorption  and  infrared 
absorption  peaks,  respectively,  in  considerable  disagreement  with  the  values  now  avail¬ 
able  ( see  Table  3) . 
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After  making  temperature  corrections  to  the  chosen  data  on  n,  the  resulting  values 
were  least-squares  fitted  to  Eq.  (10)  with  the  aid  of  appropriate  parameters  from  Table  3. 
We  get  as  the  dispersion  equation  of  NaF  at  293  K  in  the  transparent  region,  0.15-17. 00  pm. 


rf  =  1.41572  4  M&2S3L-  +  , 

X2  -  ( 0. 117)2  X2  -  (40.  57) 2 


(32) 


where  X  is  in  units  of  pm. 

Equations  ( 31)  and  ( 32)  were  used  to  generate  the  reference  data  given  in  Table 
17;  dn/dx  values  were  evaluated  by  taking  the  first  derivative  of  Eq.  ( 32) .  The  generated 
values  are  given  to  extra  decimal  places  for  the  purpose  of  tabular  smoothness.  The 
uncertainties  in  the  values  are  as  follows. 

For  refractive  index: 


Wavelength  Range 

Meaningful 

Estimated 

(pm) 

Decimal  Place 

Uncertainty,  ± 

0.15-  0.20 

3 

0.006 

0.20-11.00 

4 

0.0005 

11.00-17.00 

3 

0.006 

/dT: 

0.15-  0.18 

1 

0.9 

0.18-  3.00 

1 

0.1 

3. 00-13. 00 

1 

0.4 

13.00-17.00 

1 

0.9 
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TAI«.r  20.  KtX'OMMt'NDED  VALUES  ON  THK  REFRACTIVE  INDEX  AND  IT8  WAVELENGTH  AND 
TEMPERATURE  DERIVATIVES  FOR  NaF  AT  203  K  * 


A 

-da/dl 

da/dT 

A 

jim 

n 

(JIB"* 

10  "•  K"4 

pm 

B 

0. 151 

1.60911 

5.77746 

1.12 

0.270 

1.34079 

1.102 

1.64094 

5.16*04 

2.40 

(.272 

1.34(70 

a.  too 

1.60024 

4.6442* 

2.10 

0.274 

1.34779 

a.  to* 

1.67161 

4.147*7 

1.17 

0.276 

1.34731 

a.  ton 

1.66141 

1.01122 

1.60 

(.274 

1.34(06 

a.toa 

1.4*611 

1.47*17 

1.41 

0.200 

1.34*39 

o.u? 

1.66146 

3.10217 

1.20 

0.2(2 

1.34544 

a. tco 

1.66110 

2.17174 

1.00 

(.2(4 

1.34(52 

0.166 

1.43776 

2.64410 

o.«? 

(.206 

1.34910 

a.  16a 

1.432*2 

7.44144 

0.6  7 

(.204 

1.34470 

a. I/O 

1.4777* 

7.10475 

0.92 

0.740 

1.34430 

a. 17? 

1.62113 

2.16604 

0.14 

0.242 

1.36741 

a. no 

1.4141* 

2.00027 

0.2/ 

0.244 

1.34354 

a. 176 

1.61*12 

1 .0(770 

".17 

0.246 

1.34317 

a.  17* 

1.61170 

1.74777 

0.07 

(•  24( 

1.34201 

a.iM 

1.60037 

1.630(0 

•0.02 

0.300 

1.3624* 

0.107 

1.40*14 

1.5J423 

•0.11 

0.3(5 

1.141*3 

0.1*6 

1.4*71* 

1.44037 

-0.10 

(.310 

1.  340(6 

0.116 

1.14414 

1.16401 

•0.25 

0.314 

1.36004 

a. to* 

1.14664 

1.20040 

•0.32 

0.320 

1.31439 

a. toe 

1.34614 

1.210(7 

•0.30 

0.324 

1.31072 

a. to? 

1.34102 

1.1*300 

•0.44 

0.330 

1.33009 

a. 146 

1.104*7 

1.04224 

-0.49 

0.339 

1.33790 

a.  146 

1.10  744 

1.03720 

•0.54 

0.340 

1.11(93 

a. i4a 

1.30*42 

0.10552 

-0.51 

0.365 

1.31(14 

a.  7ca 

1.10  3*0 

0.93747 

•0.(3 

0.340 

1.31900 

0.707 

1.  J0167 

0.04272 

-0.67 

0.395 

1.33539 

0.706 

1.37442 

0.0*044 

-0.71 

1.3(0 

1.11493 

0.706 

1.17*21 

a. «i2oo 

-0.79 

0.3(9 

1.13449 

o.7aa 

t  .  37660 

0.77543 

•0.7* 

(.370 

1.31407 

0.710 

1.37*16 

0.761!* 

•0.01 

(.379 

1.333** 

0.717 

1.37171 

0.7C931 

•0.06 

0.300 

1.11370 

0.716 

1.37711 

0.67971 

-0.07 

(.3(9 

1.33241 

0.716 

1.37*41 

0 .**(40 

-0.40 

0.140 

1.33255 

a.?ia 

1.3*172 

0.6242* 

•0.13 

0.349 

1.13222 

0.770 

1.36*61 

0.91413 

•0.49 

0.4(0 

1.331(9 

0.77? 

1.16737 

0.97*43 

-0.17 

0.610 

1.33120 

0.776 

1.36614 

0. 94109 

•0.10 

0.420 

1.31(72 

0.776 

1.36410 

(.911(0 

-1.02 

(.410 

1.11020 

0.770 

1.3660* 

o.dto* 

•1.(4 

(.440 

1.32471 

0.230 

1.36366 

0.441*7 

•1.06 

(.690 

1.32427 

0.737 

1.16204 

(.474(0 

-l.ll 

(.400 

i.!2«(9 

0.216 

1.1611* 

(.4*701 

•1.0* 

(.470 

1.12(40 

0.7*6 

1.3602* 

(.441(0 

-1.11 

(.4(0 

1.12(0* 

0.230 

1.3*934 

(.62*14 

•1.13 

(.440 

1.12779 

0.260 

1.1**** 

(.411*1 

-1.14 

0.(00 

1.12741 

0.762 

1.1*774 

0.1*707 

-t.t* 

0.(10 

1.12713 

0.746 

1.3*64* 

0.3*420 

-1.17 

(.*(( 

l.mt* 

0.246 

1.1*621 

*.171(1 

•1.14 

(.«!( 

1. 12**0 

0.740 

1. 1**47 

(.1*491 

•1.2( 

(.(40 

1.12(11 

0.7*0 

1.3*477 

0.147*7 

-1.21 

(.*(( 

1.12101 

0.2*2 

1.1*40* 

0.11*44 

•1.22 

(.*(( 

1.12*17 

0.2*4 

1.1*142 

(.12*4* 

•1.24 

•  .970 

i.32*t< 

0.2*6 

1.1*270 

0.11012 

-1.2* 

(.000 

1.12(6* 

0.2*0 

1.1*21* 

0. 1**17 

-1.11 

(.9*1 

1.12*2* 

0.2*0 

1.1*1** 

(.21741 

•1.17 

0.(11 

l.!(«(( 

0.202 

1. 1***0 

(.((0(0 

-1.10 

(.620 

1.32474 

0.264 

1.3*040 

O.OOOO* 

*1.14 

0.(40 

1.11441 

0.266 

1.36*04 

I.ITI1I 

•t.l* 

«.*•( 

1.12411 

0.2*0 

l. 16**1 

0.2*414 

•1.11 

Ml* 

1.121(4 

-<WdX 

da/dT 

A 

-<WdX 

dn/dT 

JOB"4 

10-*  K-< 

M® 

D 

(•o'* 

lu"*  K"1 

0. 25**4 

-1.32 

0.7(1 

1.32365 

1.(114* 

-1.69 

0.24443 

-1.32 

0.720 

1.32343 

a.*i((4 

-1.69 

C. 24251 

-1.31 

0.760 

1.32222 

(.0(469 

-1.69 

C. 23505 

-1.14 

0.760 

1.323(3 

*.((122 

•1.7c 

0.22444 

-1.35 

0.781 

1.32265 

0.00(62 

-t.7( 

(.22329 

-1.16 

o.aao 

1.32264 

(.0(169 

-1.70 

0.21735 

-1.1* 

C.  620 

1.32253 

0.0(761 

-1  -  ’• 

0.21166 

-1.37 

a. *40 

1.32236 

(.0(71* 

-1.7( 

0.20(13 

-1.1* 

o.ato 

1.32224 

o.oooaa 

-1.7* 

0.20*02 

-1.1* 

o.aao 

1.32211 

0.(0645 

-1.70 

0.19970 

-1.14 

0.900 

1.3714a 

0.1(614 

•1.71 

0.19(7* 

•1.4* 

0.920 

1.321** 

(.0(5(5 

-1.7i 

0.1*600 

•1.40 

0.940 

1.22175 

0.(0559 

-l.M 

(.10140 

-1.61 

(.9*1 

1.32166 

(.0(536 

•l.7| 

0.17*15 

-1.41 

0.9(0 

1.32153 

0.0(515 

-1.7l 

0.17266 

-1.42 

1.100 

1.32163 

0.06496 

-1.7! 

0.1*254 

-1.43 

1.(50 

1.32120 

0.(0655 

*l,7i 

0. 15323 

-1.45 

1.1(0 

1. 32096 

(.0(622 

-1.  71 

0.144(4 

-1.4* 

1.150 

1.32077 

0.00397 

-l.M 

0.11(71 

-1.47 

1.2*0 

1.3205* 

0.0(376 

-l.M 

0.12436 

•1.6a 

1.25* 

1.32039 

0.003*1 

•1.71 

0.12257 

-1.41 

1.300 

1.37027 

0.0014* 

-1.71 

0.11(2* 

-1.50 

1.350 

1.3200! 

0.(0336 

-1.71 

0.11034 

-1.51 

1.400 

i,3i<(a 

0.00331 

•l.7t 

0.1(442 

-1.51 

1.45B 

1.11971 

0.(0326 

-1.71 

0.(9902 

-1.92 

1.500 

1.31955 

0.(0322 

•1.71 

0.09406 

-1.13 

1.550 

1.31914 

0. 0(320 

*1.71 

0.09(61 

-1.54 

1.600 

1.31423 

0.(0314 

*1.71 

0.00644 

-1.54 

1.650 

1.31107 

0.00319 

•1.71 

0.0(293 

-1.55 

1.700 

1.31(91 

0.(0320 

-l.M 

0.07*0* 

-1.15 

1.75* 

1.31(75 

0.(0322 

•l.7l 

0.07542 

-1.5* 

1.(00 

1. 31(54 

(.003.4 

-1.  7 1 

0.(7211 

-1.17 

1.(50 

1.31(43 

0.(0327 

•1.71 

0.0*411 

-1.57 

1.9*0 

1.1102* 

0.00330 

-1.71 

0.06(2* 

-1.10 

1.95* 

1.31*11 

(.0(334 

•t-7l 

0.06154 

-1.5* 

2.000 

1.31743 

0.(0336 

•1.71 

0.05(57 

•1.19 

2.090 

1.3177* 

0.(0362 

-l.M 

(.05611 

•1.(0 

2.1(1 

1.31754 

0.(1367 

-1.71 

(.09012 

-l.»( 

2.110 

1.31741 

0.(0397 

-l .  70 

0.04(92 

-l.*t 

2.200 

1.31726 

0.0(397 

-1.70 

(.04327 

-1.(2 

2.250 

1.3170* 

(.0(362 

-1 .70 

(.06013 

-1.(2 

2.301 

1.31(17 

(.0(3(0 

-1.70 

0 . (37(0 

•1«*1 

2.350 

1.31*69 

0.00374 

-1.70 

0.01(26 

-l.M 

2.4(0 

1.31(90 

0.003(0 

•1.70 

0.11102 

•1.(4 

2.6(0 

1.31*11 

0.003(6 

•1.7* 

0.03100 

-1.(4 

2.9(0 

1.31(11 

0.00357 

*1.70 

0.(291* 

•1.(5 

2.(91 

1.31142 

(.0034* 

•1.64 

0.02741 

•1.(9 

2.600 

1.31172 

(.0(6(5 

-1.69 

0.029(1 

•l.tf 

2. *50 

1.31(91 

0.0(411 

•1 . 1 4 

0.(244* 

-1.** 

2.700 

1.31111 

(.0(610 

-1.69 

O.ICi* 

-l.J* 

2.7*0 

1.111(1 

(.0(629 

•1.64 

0.0210* 

•l.t* 

2.0(0 

1.114(1 

(.0(411 

-l.«1 

(.(2(7* 

-1.1* 

2.0(0 

1.316** 

(.0(630 

-1.** 

(.1147* 

-l.»T 

2.91* 

1.31464 

1.(0445 

•1.6* 

0.01(71 

-1.(7 

2.91* 

1.314(2 

(.0(4(2 

-1.60 

(.(17(r 

•1.07 

3.(00 

1.313(9 

1.0(414 

-1.(0 

(.(1*14 

•l.*» 

3.1(1 

1.3137* 

0.0040* 

•1.6* 

1.(1477 

•l.M 

3.1(0 

1.312*2 

t. 0(473 

-1.00 

(.*11(1 

•l.M 

3.1(0 

1.1112* 

(.0(4(0 

-1.(7 

(.(1(44 

•1.(0 

3.2(0 

l.llll* 

(.0(400 

-1.67 

71 


TABLE  20.  RECOMMENDED  VALUES  ON  THE  REFRACTIVE  INDEX  AND  ITS  WAVELENGTH  AND 
TEMPERATURE  DERIVATIVES  FOR  N»K  AT  203  K  ioo*tnuad)# 


X 

n 

-<Wdx 

l*n-* 

dn/dT 

10-*  K-* 

X 

a 

dn/dX 

dn/dT 

in-*  K"* 

X 

pm 

n 

-<WdX 

0*" 

d*/dT 
10-*  K“* 

1.9*0 

1.31299 

0.(0999 

-1.67 

9.600 

1 .296  68 

0 . COS  70 

-1.53 

9.  780 

1.26525 

0.01695 

•6.96 

3.311 

1.31299 

9.(0997 

•1.67 

5.700 

1.29600 

0.00867 

-1.52 

9.800 

1.26355 

8.81719 

-6.96 

3.399 

1.31230 

9.0C919 

-1.67 

5.800 

1.29511 

C.C09C6 

-1.51 

9.900 

1.26182 

0.81763 

-6.96 

3*919 

1.31299 

9.9(917 

-1.C6 

5.960 

1.29619 

O.COf 22 

-1.50 

u.ooo 

1.2680 ( 

0.817(8 

-1.92 

1.999 

1.11179 

0.1(979 

6.010 

1.29326 

0.00939 

-1.5C 

10.280 

1.2  3(6  € 

0.81818 

-1.66 

3.990 

1.31192 

0.(9932 

•l.M 

6.100 

1.29231 

0.r0957 

-1.65 

10.600 

1.23275 

8.016(9 

-6.63 

3.990 

1.31129 

9.9(939 

MoM 

6  •  ?0  0 

1.29135 

0. C0975 

-1.66 

10.600 

1.22900 

0.01921 

-1.76 

3.609 

1.11999 

•.0C9<7 

-1.65 

6.300 

1.29037 

C.C0993 

-1.67 

10.600 

1.22510 

0.01975 

-8.73 

3.699 

1.11079 

9. 9(999 

-1.65 

6.600 

1.28936 

0.01011 

•1.66 

11.000 

1.22110 

C. 12029 

-1.(8 

3.790 

1.11(92 

9.999(2 

-1.65 

6.580 

1.28836 

0.01029 

-1.65 

11.20Q 

1.21(96 

0.02665 

-8.(3 

3.799 

1.11(19 

(.99970 

-1.65 

6.600 

1.28731 

0. 01C67 

-1.66 

11.600 

1.2  127  ( 

6.62163 

-8.57 

3.909 

1.1(999 

9.9(977 

*1.6? 

6.700 

1.28C25 

0.010(6 

-1.63 

11.600 

I. 20861 

0.82202 

-8,51 

3.(99 

1.19  999 

(.9(999 

•t.  6*i 

6.800 

1.26517 

0.01066 

-1.62 

11.800 

1.20395 

0.022(2 

-1.65 

3.991 

1.19927 

9.(0993 

-1.16 

6.910 

1*28606 

0. Cl  10  3 

-1.61 

12.000 

1. 1993C 

0.12326 

-1.38 

3.990 

1.19997 

9.(0609 

-1.66 

7.060 

1.26297 

0.01122 

-1.39 

12.200 

1.19665 

0.02367 

-8.3? 

9.099 

1.19967 

9.00(99 

-1.63 

7.100 

1.28186 

0.01161 

-1.38 

12.600 

1.16961 

0.02652 

•8.25 

9.(99 

1.39916 

0.9C616 

-1.63 

7  •  ?0  0 

1.28069 

0.C1K0 

-1.37 

12.600 

1.16686 

0.02519 

-0.17 

9.109 

1.19609 

9.00(29 

-1.63 

7.300 

1.27952 

0.01179 

-1.36 

12. SCO 

1.17976 

0.62568 

-6.69 

9.199 

1.10  779 

(.90(31 

-1.63 

7.600 

1.27833 

0.01199 

-1.35 

13.000 

1.17669 

0.02656 

-6.01 

9.299 

1.1(792 

9.90(39 

-1.6? 

7.500 

1.27712 

0.01218 

-1.36 

13.200 

1 . 1691 C 

0.02731 

6.07 

9.799 

1.1(719 

(.99(17 

•t.6? 

7.6G0 

1.27569 

0. C1238 

-1.32 

13.600 

1.16357 

8.028(6 

6.16 

9.309 

1.10677 

9. 09(19 

-1.6? 

7.700 

1.276C5 

0.01256 

-1.31 

13.600 

1.15788 

0.02683 

0.25 

9.399 

1.10699 

0 • 9P ( (3 

-1.6? 

7.800 

1.27338 

0.01276 

-1.30 

13.60C 

1.1528V 

8.029(2 

6.35 

9.909 

1. J0611 

9.9(671 

-1.6! 

7.900 

1.27209 

0.01298 

-1.28 

16.000 

1.16(0  3 

0.0  3066 

6.65 

9.990 

1.  39577 

(.00679 

-1.61 

8.000 

1.27076 

C. 01316 

-1.27 

16.200 

1 • 1 396 ( 

0.03128 

0.55 

9.900 

1.10  99] 

0.(0697 

-1.61 

8.100 

1.26965 

0.01339 

-1.26 

16.600 

1.13351 

0.03216 

0.(6 

9.999 

1. 3(909 

9.(9699 

-1.60 

8 « ?Q  0 

1.26618 

0.013(0 

-1.26 

16.600 

1.12695 

0.03306 

6.78 

9.609 

1.39979 

(.9(7(3 

-1.60 

8.300 

1.26(73 

0.01381 

-1.23 

16.800 

1.12029 

0.03399 

0.96 

9.690 

1.1(939 

(.9(711 

•1.60 

8.618 

1.26536 

0.01602 

-1.21 

15.000 

1.11360 

0.03695 

1.03 

9.709 

1.3(992 

9.(0719 

-1.59 

8.560 

1.26393 

0.01623 

-1.20 

15.200 

1.10(31 

0.03595 

1.16 

9.799 

1.3(3  6 

9.90727 

-1.59 

8,600 

1.26250 

0.C1665 

-1.18 

15.600 

1.09901 

8.03699 

1.31 

9.(09 

1.1(139 

0.99736 

-1.55 

8.700 

1.26106 

0.016(6 

-1.  1( 

15.600 

1.09151 

8.03806 

1.65 

9.(90 

1.39  2  9  3 

9.00719 

-1.58 

8.800 

1.25956 

0 . 01666 

-1.15 

15.600 

1.06379 

0.0  3917 

1.61 

9.9(9 

1.3(299 

9. (0712 

-1.58 

8.910 

1.25606 

8.81511 

-1.13 

16. 000 

1.07566 

0.86033 

1.77 

9.999 

1.39217 

0.997(9 

-1.58 

9.008 

1.25(56 

0.01532 

-l.M 

16.200 

1.06765 

0.86153 

1.96 

9.999 

1 .  10 1 79 

0.997(9 

-1.57 

9.110 

1.25500 

0.01555 

-1.10 

16.600 

1.05922 

0.86276 

2.13 

9.100 

1.3(192 

(.907(9 

-1.57 

9  •  ZO  0 

1.25363 

0.81576 

-1.08 

16.600 

1.0505V 

8.86606 

2.32 

9.209 

1.3(022 

9.(0992 

-1.5C 

9.300 

1.25166 

0.C16C1 

-1. 0( 

16.880 

1.06159 

0.86563 

2.52 

9.3(0 

1.29991 

9.(1919 

-1.55 

9.660 

1.25023 

0.01626 

-1.06 

17.800 

1.0  323 ( 

6.16685 

2.73 

9.9(0 

1.29999 

9.(0936 

-1.55 

9.900 

1.26860 

0.01(67 

-1.0? 

*  In  this  table  more  decimal  placet  are  reported  then  warranted  merely  for  the  purpose  of  tabular  smooth  nee  •  and  Internal  comparison. 
For  meaningful  decimal  placet  and  uncertalatiet  of  tabulated  values  in  variout  wavelength  ranges,  toe  the  text  of  subsection  3,  6. 
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3.6.  Sodium  Chloride,  NaCl 

Rock  salt  is  uniformly  transparent  from  0.2  pm  in  the  ultraviolet  to  12  pm  in  the 
infrared.  In  the  region  of  15  pm  the  absorption  increases  rapidly.  Rock  salt  in  moderately 
thin  pieces  may  be  expected  to  transmit  several  percent  of  the  light  up  to  wavelengths  as 
long  as  26.0  pm.  However,  a  plate  1  cm  in  thickness  is  completely  opaque  to  radiation 
of  wavelengths  greater  than  20  pm . 

Rock  salt  has  long  been  a  favorite  material  for  infrared  spectroscopy.  It  polishes 
easily  and,  although  hygroscopic,  can  be  protected  by  evaporated  plastic  coatings.  It 
shows  excellent  dispersion  over  its  entire  transmission  range.  It  has  been  difficult, 
however,  to  obtain  natural  rock  salt  crystals  of  sufficient  size  and  purity  for  making 
optical  components.  As  crystal -growing  techniques  advanced,  synthetic  sodium  chloride 
crystals  have  been  grown  up  to  11.  3  kg  in  v/eight  by  the  Harshaw  Chemical  Company, 
making  this  material  readily  available  for  large  optical  parts  and  stimulating  the  design 
and  construction  of  infrared  instruments. 

Measurement  of  the  refractive  index  of  sodium  chloride  dates  back  to  1871,  when 
Stefan  [53]  determined  the  refractive  indices  of  a  rock  salt  prism  for  lines  B,  D,  and 
F.  Since  then,  a  large  amount  of  data  in  the  transparent  region  has  been  contributed 
by  a  number  of  investigators,  among  them  are  Martens  [54]  ,  Paschen  [  55)  ,  and  Langley 
[56]  .  They  used  either  the  deviation  method  or  interferometry  in  their  experiments. 

It  was  not  until  1929  that  measurements  were  carried  out  beyond  the  transparent  re¬ 
gion.  Kellner  [57]  determined  refractive  indices  of  NaCl  in  the  23-35  pm  region,  based 
on  information  on  transmission  and  reflection  of  thin  specimens.  Data  in  the  infrared 
region  are  now  available  up  to  300  pm  and  at  2000  pm.  Most  of  the  IR  data  were  deter¬ 
mined  from  the  analysis  of  the  reflection  spectra. 

After  a  careful  review  of  the  available  data,  six  data  sets  measured  by  Martens 
[34]  ,  Paschen  [55] ,  Hohls  [29] ,  Parting  [30]  ,  Rubens  and  Nichols  1 58]  ,  and  Rubens  and 
Trowbridge  [59] ,  were  selected  as  the  basis  for  reference  data  generation  because  of 
the  consistency  of  their  results.  Data  sets  whim  are  not  selected  were  either  reported 
as  poor  values  or  were  determined  by  inadequate  methods.  Data  for  the  absorption  re¬ 
gions  were  not  included  in  the  analysis  but  are  given  here  for  completeness  of  data  pre¬ 
sentation.  Note  that  the  selected  data,  except  those  of  Parting,  were  obtained  at  a 
temperature  of  291  K.  A  temperature  correction  should  be  made  to  reduce  them  to  293  K. 

The  temperature  coefficient  dn/dT  is  available  over  a  large  part  of  the  transmission 
region  of  NaCl.  Based  on  the  existing  data  on  dn/dT  and  the  parameters  from  Tables  2 


and  3,  a  least-squares  fitting  of  the  data  to  Eq.  (19)  was  made.  The  results,  together 
with  those  obtained  for  LiF,  NaF,  KC1  and  C si,  provided  clues  that  led  to  the  parameters 
listed  in  Table  5.  With  the  aid  of  these  parameters  we  were  able  to  construct  a  formula 
for  calculating  dn/dT  for  NaCl: 


2n  ^  =  -11. 91  (n*-l)  -  0.  50  +  — ^ . 

°  (  X2  -  0. 02496) 2  ( X2  -  3718.  56) 2 


199.36  V 


where  dn/dT  is  in  units  of  10" 5  K"1  and  X  in  ^m. 


In  Fig.  23,  values  calculated  by  Eq.  (33)  are  compared  with  the  experimental 
data.  It  appears  that  for  wavelengths  less  than  2  microns  the  calculated  values  are  higher 
than  experimental  data,  while  for  longer  wavelengths  the  reverse  is  true.  After  a  care¬ 
ful  review  of  the  data  on  dn/dT  and  the  table  of  source  and  technical  information,  we 
find  that  data  sets  34,  42,  43  and  45  were  obtained  at  mean  temperatures  of  about  330  K, 
which  is  about  40  degrees  higher  than  293  K,  while  data  set  44  was  obtained  at  tempera¬ 
tures  about  20  degrees  lower  than  293  K.  Although  we  stated  in  connection  with  Eq.  (4) 
that  dn/dT  is  found  to  be  relatively  independent  of  temperature  over  a  fairly  wide  range 
of  temperatures,  it  has  been  in  fact  observed  in  halide  crystals  that  the  absolute  value 
of  dn/dT  increases  somewhat  with  increasing  temperature.  This  fact  is  demonstrated 
clearly  by  Eq.  (33) ,  as  can  be  seen  in  Fig.  23  in  the  wavelength  region  below  2  pm.  In 
the  higher  wavelength  region,  the  existing  data  are  insufficient  to  test  the  dn/dT  formula, 
but  the  correctness  of  this  formula  can  be  substantiated  by  two  facts.  The  first  is  that 
the  calculated  curve  is  approximately  parallel  to  curve  44,  which  is  consistent  with  the 
observed  dn/dT  behaviors.  The  second  is  that  the  empirically  constructed  formula 
for  C si  predicts  correct  values  for  Csl  in  the  long  wavelength  region,  as  is  discussed 
in  subsection  3. 20  and  is  assumed  to  be  generally  the  case  here. 


Equation  ( 33)  was  used  to  make  temperature  corrections  to  the  selected  data 
sets  which  were  obtained  at  temperatures  other  than  the  selected  reference  temperature, 
293  K. 


Various  dispersion  formulas  have  been  reported  by  a  number  of  authors,  in 
different  forms.  Table  29  contains  a  number  of  typical  formulae.  They  have  all  been 
reduced,  wherever  possible,  to  standard  forme  that  a  close  comparison  can  be  easily 
made.  From  the  information  in  Tables  29  and  3,  input  parameters  for  least-squares 
fitting  were  obtained.  The  calculation  yielded  the  following  dispersion  equation  for  NaCl 
at  293  K  in  the  transparent  region,  0.20-30.  00  pm. 
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n*-  1.00055!  °-19800  ^  ,  0-48398  A*  ,  0.38696  X»  |  0.25998  X2 

X2- (0.050)*  x*  -(0.100)*  X*- (0.128)*  X*  -  (0.158)* 

(34) 

(  0.08796  X*  (  3.17064  X*  ,  0.30038  X* 

X*- (40.50)*  X*  -  (60.98)*  X*  -  (120.34)** 

where  X  is  in  units  of  jnn. 

Equations  (33)  and  (34)  were  used  to  generate  fixe  reference  data  given  in  the 
table  of  recommended  values;  dn/dX  values  were  evaluated  from  the  first  derivative  of 
Eq.  (34) .  The  numbers  in  the  table  of  recommended  values  do  not  reflect  the  degree 
of  accuracy  and  extent  of  reliability;  extra  decimal  places  are  given  for  tabular  smooth¬ 
ness.  Actual  uncertainties  are  as  follows. 


| 

For  refractive  index: 

Wavelength  Range 

Meaningful 

Estimated 

! 

(jiin) 

Decimal  Place 

Uncertainty,  ± 

I 

0.20-  0.25 

3 

0.006 

0.25-  0.35 

4 

0.0005 

! 

0.35-10.00 

4 

0.0001 

10.00-15.00 

4 

0. 0003 

- 

15.00-25.00 

3 

0.006 

25.00-30.00 

3 

0.02 

For  dn/dT: 

0.20-  0.24 

1 

0.8 

I 

s 

0.24-  4.00 

1 

0.2 

I 

■* 

4.00-15.00 

1 

0.4 

15.00-20.00 

1 

0.6 

20. 00-30. 00 

1 

0.9 

< 
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TABLI  IS.  RECOMMENDED  VALOIS  OH  THE  REFRACTIVE  INDEX  AMD  ITS  WAVELENCnH  AMD 
TEMPERATURE  DERIVATIVES  FOR  N*C1  AT  MS  K* 
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TABLE  26.  SOURCE  AND  TECHNICAL  INFORMATION  ON  THE  REFRACTIVE  INDEX  AND  dn/dT  MEASUREMENTS  OF  NaCI  (c 
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TABLE  29.  COMPARISON  OF  DISPERSION  EQUATIONS  PROPOSED  FOR  NaCl 


TABLE  29.  COMPARISON  OF  DISPERSION  EQUATIONS  PROPOSED  FOR  NaCl  ( coftlnued) 


3. 7.  Sodium  Bromide,  NaBr 


Sodium  bromide  is  very  hygroscopic  and  highly  soluble  in  water  and  is  therefore 
not  a  useful  material  for  making  optical  components  despite  its  transparency  over  a 
wide  wavelength  region  from  about  0. 25  to  more  than  30  jnn.  While  NaBr  is  not  useful 
for  ordinary  applications,  it  is  an  interesting  material  for  scientific  research.  The  wave¬ 
length  of  ultraviolet  absorption  peaks  has  been  measured  by  Hilsch  and  Pohl  [23]  and  by 
Schneider  and  O'Bryan  [24]  and  that  in  the  infrared  was  reported  by  Lowndes  and  Martin 
[13] ,  who  also  investigated  the  dielectric  constants.  The  results  obtained  by  these  in¬ 
vestigators  are  shown  in  Table  3. 

Experimental  work  on  the  refractive  index  of  NaBr  is  very  scanty  and  is  limited 
in  the  near  ultraviolet  and  visible  regions.  Only  five  documents  could  be  found  in  the 
open  literature.  By  a  careful  review  of  the  available  data  sets  one  finds  that  only  two 
sets  of  data,  those  of  Gyulai  [27]  and  Wulff  and  Schaller  [85] ,  can  be  used  to  carry  out 
analysis;  the  others  are  either  inaccurate  or  otherwise  unsuitable.  The  accuracy  of  the 
data  of  Gyulai  is  one  unit  of  the  third  decimal  place,  though  the  values  in  his  paper  are 
given  to  the  fourth  for  the  purpose  of  tabular  smoothness.  The  uncertainty  of  the  single 
value  of  Wulff  and  Schaller  is  0. 0001.  Bauer's  film  data  appears  too  low  in  comparison 
with  the  bulk  material  data  and  Spangenberg's  values  [45]  are  clearly  inaccurate,  prob¬ 
ably  because  of  the  hygroscopic  character  of  NaBr  and  the  use  of  an  inadequate  method. 
The  single  measurement  of  Zarzyski  and  Naudin  [44]  is  for  molten  NaBr. 

Gyulai' s  data  were  obtained  at  a  temperature  of  339  K,  46  degrees  higher  than 
the  temperature  chosen  for  reference  data  generation.  Since  the  temperature  deriva¬ 
tive  of  refractive  index  of  NaBr  in  the  visible  region  is  of  the  order  of  -4. 0  x  10" 5  K"1 
[18] ,  temperature  corrections  to  Gyulai' s  values  are  significant,  about  two  units  in  the 
third  decimal  place.  Information  on  dn/dT  is  needed  to  carry  out  these  corrections, 
but  it  is  unavailable.  Reasonable  estimation  of  dn/dT  can  be  made  by  the  following 
formula,  constructed  from  the  parameters  listed  in  Table  5. 


2n^r  = -12.69  (n*-1)  -  0.12  + - - +  — 242.94  X4 —  (35 

(X2  -  0. 03534) 1  (X2  -  5569. 64)1 

where  dn/dT  is  in  units  of  1(T5  K*1  and  X  is  jim.  dn/dT  values  in  the  visible  region  given 
by  Eq.  (35)  are  about  -4.0  x  10“ 5  K-1,  close  to  those  proposed  by  Tsay  [18] . 

By  use  of  Eq.  ( 35) ,  data  reported  by  Gyulai  and  Wulff  and  Schaller  were  reduced 
to  293  K,  ready  for  the  least-squares  calculations.  The  other  necessary  input  parameters 
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were  taken  from  Table  3.  The  result  of  the  curve  fitting  calculations  Is  a  dispersion 
equation  for  NaBr  at  293  K  in  the  transparent  region,  0. 21-34. 0  jpn. 


1.06728  + 


1.10463 


0.18816  X* 


0.00243 


X*  -(0.125)*  X*- (0.145)*  X*- (0.176)* 

t  0.24454  X*  f  3. 7960  X* 

X*- (0.188)*  X*“  (74.63)*’ 


where  X  la  In  units  of  ^m. 


Equations  ( 35)  and  ( 36)  were  used  to  generate  the  recommended  values  on  the 
refractive  index  and  its  wavelength  and  temperature  derivatives.  Note  that  in  the  table 
of  recommended  values  the  values  are  given  to  more  decimal  places  than  their  accu¬ 
racies,  for  the  purpose  of  tabular  smoothness  and  visual  continuity.  In  order  to  use 
the  values  properly,  the  readers  should  follow  the  criteria  given  below. 


For  refractive  index: 


Wavelength  Range 

Meaningful 

Estimated 

(pm) 

Decimal  Place 

Uncertainty,  ± 

0.21-  0.24 

2 

0.02 

0.24-  0.40 

3 

0.002 

0.40-  0.70 

3 

0.001 

0.70-  8.00 

3 

0.002 

8. 00-20.00 

3 

0.006 

20.00-25.00 

3 

0.008 

25.00-34.00 

2 

0.02 

For  dn/dT: 

0.21-  0.28 
0.28-22.00 
22.00-34.00 


1 

1 

1 


0.9 

0.4 

0.9 


TABLE  30.  RECOMMENDED  VALUES  ON  THE  REFRACTIVE  INDEX  AND  ITS  WAVELENGTH  AND 
TEMPERATURE  DERIVATIVES  FOR  Ntfir  AT  203  K* 
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1.971*7 

1.11919 

•I.M 

*9.111 

l.MIII 

l.lllll 

-9. II 

7. Ml 

1.11171 

1.11117 

•1.91 

ll.lll 

1.9711* 

1. 19**9 

•1.1* 

ll.lll 

1.4*11* 

1.11911 

-1.(9 

7.111 

1.111*1 

l.lllll 

-1.91 

ll.lll 

1.17179 

l.lllll 

-1.91 

M.IM 

1.41117 

1.111*1 

•1.41 

7. Ill 

l.lllll 

•  .HIM 

-I.M 

ll.lll 

1.77*1* 

l.ll*** 

•3.9* 

*7.111 

l.IMkl 

1. 1 171* 

•1.1* 

7. Ml 

1.M17I 

l.lllll 

•1.9* 

ll.lll 

1.971M 

1.11(93 

•l.lt 

*7. 990 

l.lllll 

1.11779 

l.ll 

7. Ill 

1.112*1 

l.lllll 

-1.9* 

ll.MI 

1.9*141 

l.ll*** 

•3.91 

M.IM 

1.MI97 

l.lllll 

I.M 

7.711 

1.MM9 

l.lllll 

•1.9! 

!*.*!• 

1.9*197 

I.III7* 

•l.*l 

M.IM 

1.11191 

9.11111 

1.77 

7. Ill 

1.II17I 

l.lllll 

•1.91 

ll.lll 

1. 1*7*1 

1.111*7 

-l.*( 

tl.lll 

1.19941 

1.11171 

l.lt 

7.911 

l.lllll 

1.111*1 

•1.91 

ll.lll 

l.flllt 

1.11(99 

•1.** 

*9.911 

1.17141 

1.1*147 

1.41 

l.lll 

l.lllll 

•.111!* 

-1.9* 

19.111 

1.911*1 

1.11711 

-I.M 

31.191 

1.199*7 

l.ltlt* 

l.ll 

l.lll 

1.III7I 

I.IIII7 

•1.9* 

ll.MI 

1.91(91 

1.1972* 

-I.M 

11.991 

1 .111*1 

l.lttll 

*.11 

l.lll 

1.HIII 

1.111(1 

-1.91 

ll.lll 

1.1119* 

I. 1171* 

-1.17 

ll.lll 

1.1*74* 

l.lttll 

1.77 

l.lll 

1.19991 

l.lllll 

-1.91 

ll.MI 

I. 9*11* 

1.117*1 

•l.ll 

ll.lll 

1.1117* 

1.1*119 

1.1* 

l.lll 

1 .999*1 

1.11171 

•1.91 

ll.MI 

1.9919* 

I.II79I 

•l.lt 

It. Ill 

t. 3*1*1 

1.1(47* 

1.74 

l.lll 

1.999*1 

l.lllll 

•1.91 

ll.lll 

1.19711 

1. 91771 

•l.ll 

It. Ill 

1. 111*9 

1. 1*171 

4.19 

l.lll 

1.99111 

1.11179 

•l.ll 

Ik.tll 

1.999*1 

1. 11711 

-1.17 

ll.lll 

1.147(7 

1.1*971 

4.97 

1.711 

1.19111 

l.lllll 

•1.19 

ll.lll 

1.99111 

I.II79I 

-1.1* 

11.911 

l.tMtt 

1.1*711 

l.ll 

l.lll 

l.MIII 

1.11119 

•l.ll 

ll.lll 

l.lMtl 

I.IIM7 

•1.11 

14.111 

1.1*199 

l.llll* 

l.ll 

i.m 

1.99771 

l.lllll 

•l.ll 

ll.lll 

1.99119 

l.lllll 

•1.11 
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3.8.  Sodium  Iodide,  Nal 

Refractive  index  data  of  Nal  is  available  only  for  a  single  spectral  line,  the  sodium 
D  line,  reported  by  Spangenberg  [45]  in  1923.  The  reasons  for  such  scantiness  of  data 
are  probably  the  difficulties  in  crystal  growing  and  sample  preparation.  It  is  fortunate 
that  the  essential  parameters  for  constructing  a  dispersion  equation  of  Nal  are  available 
through  the  literature,  as  listed  in  Table  3.  Using  the  values  from  Table  3  and  the 
available  value  of  n: 

=  7.28, 

e  =  3.01, 
uv 

=  0.170  fjpaa  (averaged  value  of  5  peaks), 

Xj  =  86.21  jjjn, 

n  =  1. 7745  for  X  =  0. 5893  fjxa. , 

the  adjustable  parameter  A  of  Eq.  (13)  is  computed  to  be  1. 478.  This  leads  to  the  dis¬ 
persion  equation  for  Nal  at  293  K  in  the  transparent  region,  0. 25-40. 00  jxm. 


1.  532  X2 


n2  =  1.478  +  A“  +  -  -ML*? . ,  ( 37 

X2  -  (0.170) 2  X2  -  ( 86. 21) 2 

where  n  is  in  units  of  fim. 

No  experimental  data  on  dn/dT  for  Nal  are  available,  but,  with  our  empirical 
findings,  reasonable  estimations  on  dn/dT  can  be  made  by  a  formula  constructed  by  using 
the  predicted  parameters  of  Table  5, 

2n  -13.65  (n2-l)  +  0.57  + 9-Ji6Ai - + - g47:JP_X. —  (38 

(X2  -  0.05198) 2  (X2  -  7432. 16) 2 

where  dn/dT  is  in  units  of  10" 5  K"1  and  X  in  /am. 

Equations  (37)  and  (38)  were  used  to  generate  the  recommended  values.  Since 
these  equations  were  derived  from  the  available  data  on  the  thermal  linear  expansion,  the 
dielectric  constants,  the  wavelengths  of  absorption  peaks,  and  the  empirical  parameters, 
the  accuracies  of  the  generated  values  are  controlled  by  the  uncertainties  of  these  com¬ 
ponent  properties.  In  order  to  properly  use  the  recommended  data  table,  we  have  care¬ 
fully  reviewed  each  of  the  correlated  properties  and  set  up  the  following  criteria  that  the 
readers  should  follow. 
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For  refractive  index: 

Wavelength  Range 

Meaningful 

Estimated 

(Mm) 

Decimal  Place 

Uncertainty,  ± 

0.25-  0.40 

2 

0. 02 

0.40-  1.00 

3 

0.005 

1.00-20.00 

2 

0.01 

20.00-40. 00 

2 

0.02 

For  dn/dT: 

0.25-  0.35 

0 

>1 

0. 35-30. 00 

1 

0.8 

30.00-40.00 

0 

>1 
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TABU  33.  RECOMMENDED  VALUES  ON  THE  RETRACTIVE  INDEX  AND  ITS  WAVELENGTH  Alik 
TEMPERATURE  DERIVATIVES  EX*  Hal  A  l  M3  K* 


-dA/dA  WtfT 
*  0f*  1#-*  K-* 


<W«U  <M/<iT 
(#»-*  !*■«  K-* 


-<M/<&  dN/ST 
IN4  IB-4  K“* 


I.KI 

1.9*91* 

9.711(1 

(7.(0 

0.140 

1.1*991 

(.1(2*9 

-4.10 

2.744 

t.?3IJ( 

*.**21( 

•(.II 

1.79? 

7.971*9 

9.94*99 

97.  It 

(.1(0 

1.77419 

(.17111 

-4.41 

2.  (60 

1.71(21 

t.**?l( 

•(.*( 

9.79V 

7.96719 

9.799*9 

99.74 

9.979 

1.77797 

1.16221 

•4.44 

2.  «5( 

1.73911 

*.•*(•6 

•(.*( 

9.799 

7. 9*199 

9.111(9 

97.(1 

9.1(9 

1.779(4 

1.19111 

-4.40 

?»9(t 

1.716K 

(.6(2*2 

•(.II 

9.799 

1.999*9 

3.43(93 

K.94 

(.14* 

1.77999 

1.199(1 

-4.51 

7.451 

1.73491 

*.*(14* 

•4.(5 

9.7*9 

7.93*19 

1.71121 

!?.«( 

*.*(( 

1.77  70* 

t.l!t*7 

-4.93 

1.00* 

1.714(7 

(.*•145 

•«.(( 

9.79? 

1.93*79 

3.61(12 

79.27 

(.610 

1.77(9* 

(.122(4 

-4.50 

].(!( 

1.71477 

*.0*142 

•1.(1 

9.79V 

7.97367 

1. 97791 

79. K 

9.(99 

1.761(7 

(.11(74 

-4.(2 

1.1(0 

1.71467 

(.1*1(4 

•(.(( 

9.799 

7.916X7 

1. 13316 

22.11 

(.it* 

1.76996 

0.1(029 

-4.(5 

1.15( 

1.734(0 

(.((1*7 

•5.(5 

9.799 

7.11*3! 

1.2(147 

14.49 

9. *99 

1.769(9 

(.04119 

-4.6* 

3.2(0 

1.73444 

*.((1*5 

-(.(( 

9.779 

7.9*999 

1.99114 

17.(0 

9.79* 

1.76131 

0.(0249 

-4.71 

1.250 

1.73440 

(.*(1*1 

-5.(9 

9.77? 

1.99901 

2.4(994 

16.00 

0.72* 

1.76(72 

*.«79*( 

•4.74 

3.3(( 

1.710* 

(•(*1*1 

•5.(5 

9.779 

1.99719 

?.**(** 

19. 9( 

9.790 

1.14927 

1.1649* 

-4. 7t 

1.15* 

1.71421 

0.(31 •( 

-9. *5 

9.779 

1.9*697 

7. 7(72* 

11.(4 

(.7(9 

1.79749 

(.061*2 

-4.74 

1.4(1 

1.73112 

(.*•170 

•5.(5 

9.779 

1.9*117 

2.69  341 

11.0! 

9.799 

1.74(72 

0.09*74 

-4.(0 

1.45* 

1.734*4 

*.*(177 

-5.  *4 

9.799 

1.97999 

2.9(96* 

19.71 

0.49* 

1.79994 

(.04924 

-4.(1 

1.5(1 

1.73145 

(.(*17* 

•f  .*4 

9.79? 

1.97*9? 

2.97149 

4.71 

0.929 

1.79999 

0.14029 

-4.(1 

1.5(0 

1.731«( 

(.01111 

•(.04 

9.799 

1.94606 

2.1(7(9 

9.(9 

(.09* 

1.79397 

0.09(49 

-4.  *4 

1.6(0 

1.73177 

*.(0179 

•5.(4 

9.799 

1.96117 

2. 10M6 

7.4* 

(.((* 

1.79269 

0.(9129 

-4.05 

1.650 

1.73160 

(•(0174 

-5.(4 

9.799 

1.996*1 

2.211(4 

7.21 

9.9*0 

1.791*9 

I.C901I 

-9. *7 

3.  70* 

1.71160 

*.(*174 

•5.04 

9.799 

1.99299 

2. 1!(1? 

6.99 

(.4(0 

1.791(6 

0.01749 

-4.** 

3.750 

1.71251 

(.*(171 

-5. *4 

9.79? 

1.99*20 

7.00047 

(.4! 

0.420 

1.74(11 

0.13512 

-4.09 

3.(00 

1.71142 

0.(0171 

-9.(4 

9.799 

1.9997* 

2.922(0 

1.19 

(.490 

1. 799*6 

C.01207 

-4. *4 

3. *50 

1.71334 

(.(0171 

-5.(4 

9.799 

1.99019 

1.4(491 

9.(1 

(.4(0 

1.794(2 

o.eioat 

-4.4( 

3.940 

1.7112! 

0.(0171 

-5.(4 

9.799 

1.93*79 

1.94(40 

9.19 

(.4(0 

1.79(9? 

(.02*9? 

-4.91 

3.450 

1.7311 t 

*.(•173 

-(.(4 

9.399 

1.91791 

1.9911* 

1.94 

1.(09 

1.797(6 

0.(2714 

-4.42 

4.(00 

1.711*0 

*.*0173 

-9.(4 

9. 199 

1.97169 

1.7*777 

2.41 

1.(99 

1.79(69 

(.02394 

-4.41 

4.(50 

1.71244 

0.(0171 

•4.44 

9.319 

1.41991 

1.4*69* 

2.(4 

1.1(9 

1.79491 

(.*2(36 

-9.45 

4.1(0 

1.73790 

(.(*174 

-9.04 

9.319 

1.9*779 

1.97*27 

1.91 

1.199 

1.79999 

0.117*2 

-4.96 

4.150 

1.712*2 

(.*(174 

-(.(4 

9.379 

1.99*61 

1.174(7 

(.(( 

1.2(0 

1.70J7? 

0.0147* 

-9.(7 

4.7(( 

1.73773 

*.(*179 

-5.(4 

9.179 

1.99199 

1.24971 

(.24 

1.299 

1.792  49 

(.01391 

•4.4* 

4.250 

1.73264 

(.0(179 

-5.(4 

9.1!* 

1.9*764 

1.2(497 

•0.19 

1.3(0 

1.79732 

0.1129* 

-9.94 

4.300 

1.73250 

0.0(176 

-5.(4 

9.319 

1.9*191 

1.11(31 

•0.99 

1.190 

1.79173 

*.(1111 

-4.94 

4.150 

1.73247 

(.(*176 

•5.04 

9.199 

1.97*11 

1.9(791 

•0.00 

1.9(0 

1.79121 

0.(1001 

-5.00 

4.4(0 

1.71210 

(.0(177 

•9.(4 

9.399 

1.07119 

1.9(913 

•1.10 

1.999 

1.79(73 

0.(0906 

-5.1* 

4.450 

1.7122! 

0.M177 

-5.(4 

9.390 

1.06677 

(.49797 

-1.99 

1.9(0 

1.79030 

(.0(071 

-5.(1 

4.5M 

1.71220 

*.((17* 

-9.(1 

9.399 

1.0616* 

9.94(11 

-1.64 

1.9K 

1.73991 

(.0(751 

-5.(1 

4.95* 

1.73211 

*.((179 

-5.01 

9.169 

1.99711 

(.**(49 

-1.41 

1.600 

1.73499 

(.*((04 

•9.(2 

9.601 

1.712*0 

t.(*l(( 

•9.0! 

9.169 

1.99119 

(.9(111 

-2.19 

!.(!( 

1.71972 

C.ltf 11 

•5.(2 

4.  *50 

1.73143 

*.((1*1 

-9.(1 

9.179 

1.99424 

0.79(99 

-2.2* 

1.7(0 

1.73*91 

0.105*5 

-5. *2 

4.7(0 

1.731*4 

0.(0102 

-5.0! 

9.179 

1.99*99 

0.77*91 

-7.99 

1.71( 

1.710(3 

(.0(44? 

-5.(3 

4.790 

1.71175 

(.((1*2 

-5.01 

9.  JO! 

1.992*9 

(.4(977 

-2.94 

1.0(9 

1.71(17 

(.4(504 

-5.11 

4.(00 

1.71160 

(.((1*3 

•(.*3 

9.3*9 

1.01*79 

(.*{120 

-2.7? 

1.0(9 

1.73*13 

0. ((471 

-5.(1 

4.(5* 

1.731(7 

0.0(104 

•5.(1 

9.190 

1.0199* 

(.614(4 

-2.(9 

1.1(( 

1.71740 

0. C(44( 

-5.(1 

4.9(0 

1.71140 

0.(0109 

-5.0! 

9.1*9 

1.91799 

*.f(((* 

•2.49 

1.(9* 

1.717** 

(.((411 

-5.03 

4.950 

1.7111* 

0.M106 

-*.*! 

0.900 

1.97969 

*.9(31* 

-J.(( 

?.((( 

1.7179* 

(.((1(9 

-5.(1 

5.000 

1.71129 

(.((1*0 

•(.63 

0.91* 

1.07927 

0.413(7 

•1.29 

2.999 

1.71729 

(.((»( 

•5.(4 

5.1(0 

1.73111 

(.0(140 

•9.(3 

9.97* 

1.9191* 

0.9(44? 

-3.9* 

?.!(( 

1.71712 

0.((!4( 

-9.(4 

5.20* 

1.73(41 

(.((142 

•(.(? 

9.91* 

1.0190* 

(.91119 

•3.99 

2.14* 

1.71(49 

(.0(111 

-5.(4 

5.101 

1.7157? 

*.((144 

-(.(2 

9.99* 

1.01*72 

(.19(76 

-!.*( 

2.2*9 

1.71(7* 

(.0(114 

-5.(4 

5.4(( 

1.71(9? 

(.**147 

•(.(? 

9.999 

1.9*691 

9.106(2 

-3.77 

2.290 

1.71*63 

0.CCDI 

-5.(4 

9.9(1 

1.71*12 

(•((20* 

-9.(2 

9.960 

1.9*114 

1.11(90 

•1.9* 

2.1M 

1.7369* 

(.4(2(0 

•5.(4 

S.6(( 

1.71*12 

(.1*2(2 

-9.02 

0.97* 

1.9*911 

1.11171 

-3.49 

2.199 

1.71(39 

(.((276 

-9.(4 

5,71* 

1.72442 

*.**2(( 

-5.61 

0.90* 

1.79711 

0.74191 

-9.(2 

2.9(9 

1.71(21 

0.(026* 

•9.(4 

(.((( 

1.72471 

*••(2** 

•5.(1 

9.99* 

1.7491* 

(.27122 

-9.(4 

2.94* 

1.73*0* 

0.(0246 

•9.(4 

6.4(1 

1.7249* 

(.1(211 

•(.(1 

9.99* 

1.79169 

1.29741 

-9.1! 

2.4(0 

1. 11949 

(.(6240 

•5.(4 

*.((( 

1.72424 

*•••211 

•(.(1 

0.91* 

1.7*921 

(.21(26 

-9.IC 

2.41* 

1.114(3 

(.4(24* 

-5.(4 

6. lit 

1.724K 

(.(•216 

-5.(1 

9.97* 

1.7(199 

(.2211* 

•9.29 

2.6(4 

1.71971 

0.(0231 

•9.(4 

6.211 

1.72(0* 

1. 1(214 

•Ml 

9.939 

1.7(911 

(.2(71* 

-9.1* 

2.6(0 

1.7146* 

(.(((26 

-(.(( 

(.!(( 

1.72(64 

••*(212 

•5.0* 

9.99* 

1.7*211 

*.1494* 

•9.19 

2.720 

1.7149* 

0.((22( 

-4.(4 

6.4(1 

1.72(42 

0.(*22( 

•(.** 

TABU  a.  RECOMMENDED  VALUES  CM  THE  RETRACTIVE  INDEX  AND  ITS  WAVELENGTH  AND 
TEMPERATURE  DERIVATIVES  FOR  Nal  AT  MS  X  (oeaOtnued)* 


(.Ill 

1.77(19 

(1771 

e.  ioa 

1.77791 

(1771 

4. Ml 

1.71773 

((774 

(.*•1 

1.77769 

(1777 

1.9(1 

1.77771 

l(2«l 

r.ot) 

1.77741 

(4713 

7.1(1 

1.77177 

1(717 

7.710 

1.77117 

017!( 

7.3(1 

1.77177 

0(7*3 

7.4(1 

1.771(1 

0(716 

7.901 

1.77971 

1(7(1 

7.1(1 

1.77969 

(12(3 

7.700 

1.77173 

(02(6 

7.000 

1.77491 

(1271 

7.9(0 

1.77419 

01273 

0.1(0 

1.77461 

30276 

0.100 

1.77414 

(0201 

0.7(1 

1.77309 

(1203 

0.300 

1.77397 

102(1 

o.ioo 

1.77371 

IC29Q 

o.soo 

1.77799 

10293 

0.600 

1.77770 

(0797 

0.7(0 

1.77740 

707(1 

0.0(1 

1.77711 

(02(4 

0.900 

1.77179 

(03(7 

9. 0(1 

1.77140 

Kill 

9.1(0 

1.77117 

((316 

9.7(1 

1.771(1 

(1310 

9.1(( 

1.77(93 

(1721 

9.6(1 

1.77471 

(1779 

9.9(0 

1.71900 

1(770 

9.6(0 

1.71919 

(0332 

9.7(1 

1.71977 

1(739 

9.000 

1.71(10 

1(239 

9.9(0 

1.71(94 

0(343 

10.000 

1.71(70 

(C  346 

11.7(1 

1 • 71 79( 

1(3!3 

11.600 

1.71170 

(13(1 

11.101 

1.71401 

0(710 

10.1(1 

1.71931 

(0379 

11.(01 

1.71699 

1(3(3 

11.700 

1.71370 

((391 

11.4(0 

1.71299 

(.01390 

11. Ill 

1.71219 

1.(1419 

11.1(1 

1.71137 

0.(1413 

12.1(1 

1.71094 

0.(1421 

12.2(1 

1.7(919 

1.01420 

12.4(0 

1.7(002 

0.0(431 

12.1(1 

1.71794 

0.CI444 

12.1(0 

1.  107(0 

0.01692 

13.(01 

1.  11(14 

0.00411 

13.2(1 

1.70021 

0.0(417 

13.4(0 

1.70477 

0.11479 

13.140 

1.70331 

0.00403 

13.000 

1.71233 

0.01492 

14.000 

1.71136 

0.(0900 

16.201 

1.70034 

0.(0900 

14.411 

1.(9931 

0.0(911 

14.1(1 

1.(9777 

0.0(924 

14.0(1 

1.(9721 

0.00933 

19.1(0 

l.(9(14 

0.01941 

19.2(0 

1.(9909 

0.00990 

19.4(0 

1.(9394 

1.0(990 

19.1(1 

1.(9207 

0.009(7 

19.1(1 

1.(9160 

0.(1979 

11.(11 

1.(9192 

1.119(4 

11.2(1 

1.(0934 

0.0(993 

11.4(1 

1.(0019 

1.11(11 

11.111 

l.(0(93 

l.lllll 

11. Ill 

1.(0971 

1.01(19 

17. Ill 

1.(0447 

1.11(20 

(7.214 

1.(0319 

(.((( 37 

17.4(0 

1.10191 

1.01(41 

17.1(1 

1.(0161 

l.0K9( 

17.010 

1.(7929 

0.01119 

10.111 

1.(7799 

0.0(674 

10.211 

1.(7699 

0.01604 

10.4(0 

1.(7971 

0.(1693 

10.1(0 

1.(730? 

0.(1703 

10. 110 

1.17240 

0.00712 

19.111 

1.(7097 

0.01777 

19.701 

1.(1991 

0.00737 

19.4(1 

1.(1014 

0.(1742 

19.111 

l.(l(99 

1.01797 

In  thla  table  more  decimal  place*  are,  reported  than  warranted  merely  for  the  pirpoee  at  tabular  emoothoeea  and  lateraal  comparteon 
For  meanlngth!  decimal  place*  ion  uncertalntlee  at  tabulated  value*  lo  varlou*  wavelength  range*,  aee  the  teat  of  aubaeotloe  3.  K. 
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3. 9.  Potassium  Fluoride,  KF 

Potassium  fluoride  is  not  a  suitable  material  for  optical  components  because  of 
its  hygroscopic  character  and  the  difficulty  of  growing  crystals.  However,  it  is  an  in¬ 
teresting  subject  for  basic  research  and  scientific  studies  because  of  its  simple  crystal 
structure  and  its  transparency  in  the  ultraviolet  region.  The  wavelengths  of  the  char¬ 
acteristic  absorption  peaks  and  the  electrical  properties  have  been  studied  by  many 
investigators.  Listed  in  Table  3  are  a  few  Important  results  which  were  used  in  our 
analysis  of  data. 

The  refractive  index  of  KF  has  not  been  extensively  measured.  Among  the  five 
sets  of  refractive  index  data  found  in  the  literature,  three  were  measured  for  a  single 
spectral  line,  the  sodium  D  line,  one  for  the  melt,  and  one  for  a  limited  spectral  range 
from  0. 21  to  0. 58  fan. 

Upon  careful  examination  of  the  available  data,  we  found  the  following:  ( 1) 
Kublitzky' s  values  [50]  are  reported  to  the  fourth  decimal  place,  although  the  accuracy 
is  one  unit  in  the  third  decimal  place.  We  have  used  his  reported  values  as  the  basis 
of  our  work.  ( 2)  Results  of  Spangenberg  [45]  and  of  Wulff  [87]  are  inconsistent,  although 
the  same  experimental  method  was  used.  The  discrepancy  cannot  be  accounted  for  by 
the  temperature  difference,  because  dn/dT  (about  -1.2  x  10" 5  K"1  [18] )  is  too  small  to 
account  for  such  a  big  deviation,  about  0. 0019,  in  n,  nor  can  the  discrepancies  between 
the  results  of  Kublitzky  and  those  of  Wulff  be  accounted  in  this  way.  ( 3)  There  are 
no  dn/dT  data  available. 


Since  the  data  of  Kublitzky  were  obtained  at  a  temperature  of  330  K,  they  had 
to  be  reduced  to  293  K.  Since  no  dn/dT  data  was  available,  the  empirical  parameters 
in  Table  5  were  used  to  construct  the  following  expression  for  dn/dT  in  units  of  10" 5  K"1, 
valid  in  the  temperature  range  293  ±  50  K: 


2n^=  -10.44  (n2-l)  -0.08  +  — ?,465~^ - 

dT  (X2  -  0.01588)* 


167.90  X4 
(X2  -  2657. 40) 2  ’ 


(39) 


where  X  is  in  units  of  fan.  The  dn/dT  values  calculated  by  Eq.  (39)  for  the  visible  region 
are  about  -2.0  x  1(T5  K"*.  Compared  with  Tsay's  [18]  value,  our  value  is  about  0.8xl0"5KF’1 
too  large,  but  there  is  no  direct  experimental  evidence  to  substantiate  either  one  of  the 
predictions.  However,  since  the  dn/dT  formulas  constructed  by  our  empirical  parameters 
lead  to  predictions  for  the  material  in  agreement  with  experimental  data,  we  have  reason 
to  believe  that  Eq.  ( 39)  gives  reasonable  dn/dT  value  for  KF.  By  use  of  this  equation, 
Kublitzky's  values  were  reduced  to  293  K. 
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A  dispersion  equation  of  KF  at  330  K  was  proposed  by  Radhakrishnan  [48]  on  the 
basis  of  Kublitzky's  measurements.  Since  the  wavelength  of  the  fundamental  phonon  was 
not  known  then,  the  adjustable  constants  in  his  equation  were  chosen  to  fit  the  data  with¬ 
out  reference  to  the  infrared  absorption  peak,  as  shown  in  Table  39.  With  the  available 
information  in  Table  3,  the  least -squares  fitting  of  the  reduced  data  to  Eq.  (10)  led  to 
our  dispersion  equation  for  KF  at  293  K  in  the  transparent  region,  0.15-22.0  pm. 

p*  =  1. 55083  +  °- 29162  .  3. 60001  A?  ,  (. 

X*  -  (0. 126)1  X1  “  ( 51. 55) 1 

where  X  is  in  units  of  pm. 

Equations  (39)  and  (40)  are  used  to  generate  the  recommended  values.  Since 
more  decimal  places  than  needed  are  given  to  the  property  values  for  the  purpose  of 
tabular  smoothness,  the  readers  are  advised  to  follow  the  criteria  given  below  in  order 
to  use  the  recommended  values  properly. 

For  refractive  index: 


Wavelength  Range 

Meaningful 

Estimated 

(pm) 

Decimal  Place 

Uncertainty,  ± 

0.15-  0.18 

2 

0.05 

0.18-  0.21 

3 

0.005 

0.21-  1.00 

3 

0.002 

1.00-  6.00 

3 

0. 004 

6. 00-14. 00 

3 

0.008 

14.00-22.00 

2 

0. 05 

For  dn/dT: 

0.15-17.00 

1 

0.5 

17.00-22.00 

1 

0.9 
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<WdX 


te/dT 
If*  K-4 


X  -dA/dX  dA/dT 

0B  *  (#B-*  10-*  K-1 


-<WdX  (WdT 
ISA-4  10-*K-* 


0.1*0 

1.99017 

9.92*90 

!.(( 

0.270 

1.1*092 

l.l» 

1.97570 

0.50*90 

3.(0 

0.272 

1.1*0  37 

0.  ISA 

1.99979 

7.03090 

7.02 

0.270 

1. 3*990 

0. 19S 

1.905*0 

0.92*09 

1.09 

1.27* 

1.3*533 

0.190 

1.93158 

5.7750* 

1.00 

0.77* 

1.1*003 

0.100 

1.92208 

9.10510 

t.or 

0.2(0 

1.3*030 

0.102 

1.91293 

0.01192 

(.79 

(.202 

1. 3*3*7 

0.100 

1.5*01* 

0.190*1 

(.00 

(.200 

1.3*301 

0.100 

1.09071 

3.71520 

0.20 

0.2*0 

1. 3*291 

0.10* 

1.0*90* 

1.02990 

0.(3 

1.20* 

1.3(252 

o.iro 

1.0*251 

3.12997 

•0.15 

0.290 

1.3*210 

0.122 

t.%7050 

2.87*27 

•0.11 

0.202 

1.3*169 

0.170 

1.07101 

2.00110 

•0.09 

0.290 

1.3*129 

0.170 

1.00595 

2.0179* 

•0.0* 

0.290 

1.30090 

9.170 

1.00120 

2.2970* 

•0.09 

(.290 

1.1*051 

o.ioo 

1.09091 

2. 09911 

•0.00 

0.300 

1.1*010 

0.182 

1.097*7 

1.90971 

-0.09 

0.309 

1.37925 

0.100 

1.00911 

1.810 <2 

-0.47 

(.110 

1.17*02 

0.1*0 

1.00559 

1. 70*00 

*1.05 

0.319 

1.37703 

0.1*8 

1.00230 

1.59207 

-1.12 

0.320 

1.376*9 

0.190 

1.03921 

1.09095 

•1.1* 

(.329 

1.37019 

0.192 

1.03031 

1.01517 

•1.20 

0.130 

1.37553 

0.190 

1.01359 

1.1717* 

•1.10 

(.335 

1.37090 

0.190 

1.031*2 

1.20010 

-1.35 

0.300 

1.37031 

0.190 

1.02*99 

1.17933 

•1.14 

0.309 

1.17375 

0.200 

1.07030 

1.11571 

-1.00 

0.39* 

1.17121 

0.202 

1.02012 

1.99*99 

•1.00 

0.390 

1.17270 

0.  200 

1.0720* 

1.0*211 

-1.51 

(.31* 

1.37222 

0.700 

1.07111 

1.97273 

-1.55 

(.3(9 

1.17171 

0.700 

t. 01*71 

*.*09*1 

•1.9* 

0.370 

1.17117 

0.210 

1.01*09 

*.05115 

•1.01 

0.375 

1.37040 

0.712 

1.010*1 

0.(2120 

•  t.co 

0.3*1 

1.37(90 

0.710 

1.01371 

*.7*270 

-1.07 

0.3*5 

1.17*17 

0.710 

1.01107 

0.70790 

-1.09 

0.300 

1.30976 

0.21* 

1.01021 

t.7107* 

-1.72 

0.390 

1.3*901 

0.220 

i.o*o*i 

0.0*309 

-1.70 

0.00* 

1.30997 

0.272 

1.0*707 

0.05091 

-1.7* 

0.01* 

I. 3**00 

1.270 

1. 00*19 

1.02709 

-1.7* 

(.020 

1.307*7 

1.170 

1.0*09* 

0.0*12* 

•1.00 

(.030 

1.3*733 

1.22* 

1.0137* 

0.97097 

•1.02 

(.000 

1.301*0 

1.711 

1.0*205 

0.55009 

-1.03 

(.000 

1.3*03* 

0.232 

1.0*157 

0.51201 

•1.00 

(.0(0 

1.10949 

0.219 

1.00*52 

0.91199 

-1.07 

0.070 

1.10999 

0.230 

1.39952 

0.0921* 

•1.00 

i.oto 

1.2091* 

0.730 

1.39*95 

0.07020 

-1.04 

(.040 

1. 3*0*0 

1.2O0 

1.39702 

0.00*91 

-1.41 

(.000 

1.1*051 

0.707 

1.39072 

0.00*00 

-1.42 

(.010 

1.30021 

1.200 

1.399*0 

0. 020*0 

-1.43 

0.920 

1.30  342 

o.roo 

1.399*2 

0.00490 

-1.40 

0.030 

1.10301 

0.20* 

1.39022 

0.150*1 

•1.40 

(.000 

1.1*300 

1.791 

1.39300 

1. 30230 

-1.47 

(.000 

1.10310 

0.292 

1.99209 

0.30459 

•1.40 

(.0*0 

1.10793 

0.790 

1.39190 

0.15710 

-1.44 

0.070 

1.1*272 

0.79* 

1.39120 

(.10970 

•2.(0 

(.000 

1.10191 

0.29* 

1.39*9* 

(.3100* 

•2.(1 

0.040 

1.10717 

0.700 

1.3*992 

(.12107 

•2.(1 

«.*(( 

1.10210 

0.702 

1.3*92* 

0.113*2 

•2.(2 

0.070 

1. 1*1*0 

1.2*0 

1.3*00* 

(.30012 

•2.(1 

(.000 

1.1*104 

0.20* 

1 • 3**04 

0.250*0 

•2.(0 

0.0*0 

1.10121 

0.000 

1.3*700 

0.2(090 

-2.05 

0.0*0 

1.30(45 

0. 27700 

•2.C9 

C.7t( 

1.10(72 

0.(1129 

•*•33 

0.2192* 

•7.(1 

0.720 

1.10((( 

0.01(02 

-2*33 

0. 26100 

-2.07 

0.7*0 

1.30*10 

0.(096* 

-1*33 

0.25359 

-2.07 

0.700 

1.30(12 

*•(0*40 

-*.33 

t. 20170 

•2.00 

0.7*0 

1.1(440 

*.((*10 

->•13 

0.214(7 

-2.0* 

*.»0( 

1.1(97* 

0.(0779 

-2.34 

t. 23311 

-2.04 

6.(70 

1.15401 

*.1*710 

-2.34 

0.22(77 

-2.10 

6.000 

1.3(404 

(.***«* 

-2.34 

C • 22C( 2 

-2.lt 

c.ooo 

1.1(416 

• .00009 

-2.34 

0.21070 

•2.11 

(.*«• 

1.1(421 

(.((*64 

-2.34 

0.20400 

-2.11 

C.90* 

1.1(411 

(.0(570 

•2.34 

0.7(251 

-2.12 

0.970 

1.399(0 

(.(((00 

-2.34 

0. 14*22 

-2.12 

(.400 

1.10*04 

(.(((14 

-2.34 

0.14217 

-7.12 

0.463 

1.34(74 

0.1*05* 

-2.34 

0.10*20 

•2.13 

(.4*0 

1.19*7* 

0.1(072 

•2.34 

0.103O6 

-2.13 

1.000 

1.3(000 

0.M052 

-2.34 

0.17731 

-2.10 

1.040 

1.1(614 

(.1*00* 

-2.34 

(.10204 

-2.15 

1.1*0 

1.1(014 

(.*0373 

-2.34 

0.15264 

-2.16 

1.150 

1.19007 

O^lilto 

-2.34 

(.1*000 

-2.17 

1.700 

1.1(7*( 

(.0*322 

-2.35 

0.13(06 

-2.11 

1.250 

1.1(704 

(.0(161 

-2.35 

0. 12*(* 

-2.14 

1.300 

1. 35354 

*.**7*( 

-2.35 

0. 121*9 

-2.14 

1.35* 

1.15701 

*.*0270 

-2.35 

0.11551 

-2.2  0 

1.000 

1.1(727 

*.*02(0 

-2.35 

0.1(962 

-2.21 

1.0*0 

1.1(710 

0.1*219 

•2.35 

0. 1(010 

-2.21 

!.((( 

1.147*1 

(.0*763 

-2.35 

(.144(0 

-2.22 

1.950 

1.3(604 

(.0(70* 

-2.34 

0. 04027 

-2.22 

1.0*0 

1.1(076 

*•002*0 

-2.34 

0.104(7 

-2.23 

1.050 

1.1(600 

(.0(202 

-2.34 

1.(0515 

-2.23 

1.7*0 

1.1(692 

*.*(200 

•2.34 

0.0(179 

-2.2* 

1.75* 

1.3(60* 

0.002O0 

•2.34 

(.07*04 

-2.2* 

1.(00 

1.1(67* 

0.(0234 

-2.34 

0.(7009 

-2.2* 

1.0(0 

1.1*016 

*.((7o( 

-2.34 

*.*7102 

-2.25 

1.4*0 

1. 1*6*0 

0.(0201 

•2.34 

0.06(30 

-2.26 

1.450 

1.1(697 

(.00707 

-2. 34 

*.*0542 

-2.29 

7.(00 

1  .  »(•* 

0.(0703 

•2.34 

0.10077 

-2.26 

7.090 

i.tm* 

(.(•209 

-2.34 

0.19550 

-2.27 

7.1(0 

1.199(9 

(.((20* 

-2.34 

0.(9134 

-2.27 

7.190 

1.3(603 

(.((2 5( 

•2.34 

(.10767 

-2.2* 

2.7(0 

1.3(13* 

(.0*761 

-2.34 

*.(0023 

-2.2* 

7.260 

1 . 3(91* 

(.((290 

•2.34 

(.*0110 

-2.20 

7.10* 

!.]((•( 

(.((254 

•2.34 

0.03(30 

-2.29 

2.3(0 

1.1*042 

*.(*2(2 

•2.31 

0.(3909 

-2.7* 

7.0(0 

1.3(07* 

*.((260 

-2.33 

0.(1319 

-2.24 

2.090 

1.1*0*( 

(.0*269 

-2.33 

(.13109 

-2.10 

7.9*0 

1. 1***1 

*.((771 

-2.33 

0.(2451 

-2.1* 

7.(50 

1. 14O10 

(.((277 

•2.33 

(.12770 

-2.10 

2.00* 

1.3(070 

O.((7o: 

-2.  33 

0.(2619 

•2.10 

2.0(0 

1.3*01* 

(.((?(( 

-2.33 

1.(2060 

•2.11 

2.70* 

1.1(19* 

(.((7*4 

-2.33 

*.(7'2( 

•2.11 

7.790 

1.1(301 

(.((793 

-2.33 

0.122(2 

-7.11 

2.0(0 

1.1910* 

(.(07*0 

*2.32 

(.120(9 

•2.11 

2.0*0 

1.3(391 

(.*•1(2 

-2.32 

(.11470 

-2.11 

2.4(0 

1.3(110 

0.0(300 

-2.32 

(.01*79 

-2.12 

2.4(0 

1.1*220 

(.((311 

-2.32 

(.017(7 

-2.12 

1.000 

1.1(109 

(.((111 

-2.32 

I.016IO 

-2.17 

1.(90 

1.1(204 

(.0(120 

-2.32 

0.(1*** 

-2.12 

1.1(0 

1.1(271 

(.((120 

-2.32 

(.01300 

-2.12 

3.19* 

1. 1*2*6 

(.((329 

-2.32 

0.(1270 

-2.13 

1.2(0 

1.1(70* 

(.**110 

•2.3l 
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X 

(N* 

A 

-<WdX 

^-4 

tWST 

is-**-* 

X 

A 

<W<1T 
1I-*  E-* 

X 

m 

■ 

-M/dX 

•VdT 
ir*  r"1 

i.m 

1.3*223 

0.1*3!* 

•2.31 

*.21* 

1.31711 

l.lllkl 

-(.«» 

11. SOS 

1.21141 

I.IUM 

•1.44 

3.3M 

l.JSISI 

1.113*3 

-2.11 

S.lll 

1.317M 

0.11(11 

-2.17 

12.101 

1.27*1* 

IslMtl 

-1*49 

S.Jft 

1.3S1SS 

S.SIS** 

-2.31 

S.4II 

1.336*9 

0.11(71 

-2.K 

12.2*0 

1.27(21 

S.S14S3 

•1*41 

3. kit 

1.3*121 

I.III'f 

-2.  31 

S.ISS 

1.331*2 

0* 11(12 

•i.ll 

12.410 

1.27124 

MUM 

-1.14 

3.49# 

1. J91S* 

I.M  337 

•2.11 

S.SIS 

1.31113 

0.11(13 

-2.1! 

12.SS0 

1.27113 

S.S192S 

•1.12 

3. MS 

l.lSISf 

1.113(2 

-2.11 

6.711 

1.114*3 

1.11701 

•M* 

12. ISO 

1.(672* 

#•11994 

*1.27 

1  .MS 

1.JSU7 

1.113(7 

-2.31 

S.SIS 

1.13372 

8.11716 

•2.13 

13.010 

1.24*12 

S.S1SS! 

•1.92 

3. SIS 

1.3*61* 

I.SI31I 

-2.38 

S.SIS 

1.33310 

0.1172* 

-2. 11 

13.210 

1.2SS1S 

••91424 

-1.17 

1  •  450 

t.issss 

1. 11377 

•2.11 

7. Ill 

1.33221 

0.117*1 

-2.12 

11.40* 

1.(1762 

#••1449 

*1.12 

i.rss 

1.3*161 

i.ism 

•2.31 

7.111 

1.33112 

1.(1712 

-2.11 

13.611 

1.2* *2S 

I.S1SI7 

-l.SS 

3.711 

1.39*42 

1. II3I7 

-2.31 

7.2SI 

1.13171 

1.117(3 

-2.10 

13.101 

1.2SSSI 

#•#1734 

*1.9# 

3.  MO 

1.3SIII 

S.IISlt 

•2.11 

7.111 

1.321*1 

I. 11771 

•I.M 

Ik.SOO 

1.2*712 

#••1779 

*#.44 

1.I5C 

I.3SI.3 

S.II1I7 

-2.2* 

7.411 

1.32921 

S.II7S7 

-2.19 

14.200 

1.2417* 

9.91911 

•#•## 

3. SSI 

1.34*63 

1. 11*12 

-2.21 

7  .SIS 

1.121*2 

1. 11791 

-2.SS 

14.401 

l.IMM 

4.914S1 

*#•#2 

3. SSI 

1.3SSS3 

1.11*17 

-2.2* 

7. SIS 

1.32761 

l.lllll 

-2.S7 

14. CSS 

1.23*33 

i.iisti 

-S.75 

*.!«• 

1.341*2 

1.11*12 

-2.2S 

7. IIS 

1.32(79 

0.11*23 

-2. IS 

14. SSI 

1.23211 

#•91439 

*#•## 

4.IM 

1.34121 

1.11*17 

-2.2S 

7. Ill 

1.3219* 

1.11131 

-2. IS 

IS. OSS 

1.22S61 

#•91474 

*#•#1 

4.101 

1 .34100 

1.11*12 

-2.21 

7. SIS 

1.32112 

0.101*1 

•I.M 

IS. 201 

1.22*61 

#•#1917 

-#•93 

s.iss 

1.34171 

1.11*17 

-2.2* 

I. Ill 

1.32*27 

0.001(1 

-2.13 

IS. 411 

1.2(01* 

#•#9941 

*#•44 
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1.34ISS 
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-2.21 

S.ISS 

1.323*1 

0.SSI72 
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IS. SIS 

1.21(1? 

1. Still 
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1.11437 

-2.21 
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1.32212 
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-2.11 

IS. *10 

t.t|2il 

9.99111 

•9.94 

I.3SI 

1.34*1* 
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-2.21 

S.ISS 

1.321*3 

1.01197 

-2. IS 

IS. ISO 

1.21776 

#•#914# 

-0.11 

S.lf  1 

1.34741 

1. 11**1 

-f.tJ 

1.411 

1.32171 

1.11911 

-1.11 

1S.20I 

1.2S132 

C •0924# 

-9.11 

S.SIS 

1.347*1 

1.11*13 

-2.27 

I.SIS 

1.11SI1 

1.1*922 

-1.1* 

16.401 

1. 11S7S 

#•02244 

-#•#9 

4.4*6 

1.147*1 

1.11*11 

-2.27 

S.SIS 

1.31SSS 

I.IS91S 

-1.17 

16.610 

1.11*1* 

4.123** 

s.ii 

S.SIS 

1.34  3(3 

I.SI*(3 

•2.27 

1.711 

1.1179* 

1.119*1 

-1.1* 

IS. *10 

1  •  1 1  Ik* 

9.0234# 

#•1# 

s.sss 

1.34711 

1.11*1* 

-2.27 

I.SIS 

1.2169S 

1.119(1 

-1.1! 

17. SI* 

1.1949I 

#•#244# 

#•94 

S.SIS 

1.J4S77 

1.11*7* 

*1.11 

I.SSS 

1. 31(12 

1.1197* 

-1.14 

17.210 

1.17*41 

S. 12*11 

#•4# 

s.sss 

1  •  34  (S3 

1. 11*7* 

-2.21 

S.SSS 

1.31IS* 

•  •IS  9 *7 

-1.12 

17.400 

1.174*1 

S.S2S!* 

•  •11 

S.7IS 

1.34S2S 

1.11*14 
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S.ISS 

1.31*1* 
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•I.M 
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S.7SI 
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S.tss 
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I. Ill 
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1.34SSS 
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0.000 
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S.SIS 
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1.3SSSI 
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1.13117 
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•.•ISIS 
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-1.7* 
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1.11*21 
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S.C4 
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I.SIM3 
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1.21211 
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s.sss 

1.33171 
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11.711 
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-l.SI 

21.SSS 

1.141 14 

1  .14111 

4.3# 
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S.ISS 

1.33111 
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-2.1S 

11.411 
11. SIS 
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I.0I37I 
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12. SSI 

1.S2S1* 

•••4367 
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REFRACTIVE  INDEX  OF 
POTASSIUM  FLUORIDE  KF 


TYPICAL 


!fj 


t 


1.38280 


TABLE  39.  COMPARISON  OF  DISPERSION  EQUATIONS  PROPOSED  FOR  KF 
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3.10.  Potassium  Chloride,  KC1 

Potassium  chloride  is  widely  used  in  spectroscopy,  since  its  optical  properties 
make  it  a  convenient  window  and  prism  material  from  the  ultraviolet  to  the  infrared 
regions.  The  transmission  range  is  about  0. 21  to  30  pm.  A  plate  1  cm  in  thickness 
transmits  radiation  up  to  24  pm.  Since  strong  absorption  occurs  near  the  transmission 
limits,  the  useful  transmission  range  of  KC1  is  about  0. 38  to  21  pm.  Of  all  the  sub¬ 
stances  which  are  otherwise  suitable  for  optical  parts,  KC1  is  transparent  over  the 
greatest  part  of  the  infrared  spectrum. 

KC1  is  grown  in  the  same  way  as  NaCl,  but  sometimes  multiple  crystals  instead 
of  single-crystal  ingots  result.  Therefore,  large  prisms  are  somewhat  rare  and  ex¬ 
pensive.  C  rystals  30  cm  in  diameter  are  available. 

Measurement  of  the  refractive  index  of  potassium  chloride  dates  back  to  1871, 
when  Stefan  [53]  determined  the  refractive  index  of  a  sylvite  prism  for  the  B,  D,  and  F 
of  Fraunhofer  lines.  Later  work,  represented  by  Rubens  [72] ,  Martens  [54] ,  Paschen 
[55] ,  and  Gyulai  [27] ,  provided  a  large  amount  of  data  in  the  transparent  region.  Mea¬ 
surements  beyond  the  transparent  region  were  not  made  until  1934  when  Cartwright,  et 
al.  [61]  analyzed  the  reflection  and  transmission  spectra  of  KC1  thin  films  in  the  infrared 
region,  126  to  232  pm.  In  the  low  ultraviolet  region,  Tomiki  [89]  published  values  ob¬ 
tained  by  analyzing  the  reflection  spectra.  Refractive  index  data  are  now  available  for 
a  wide  wavelength  range  from  0. 106  to  232  pm. 

By  a  careful  examination  of  the  available  data  and  information,  five  data  sets 
provided  by  Martens  [54] ,  Paschen  [55] ,  Hohls  [29] ,  Harting  [30] ,  and  Rubens  and 
Nichols  [58] ,  were  selected  as  the  basis  for  reference  data  generation.  The  values  of 
Hohls  were  obtained  for  a  very  thin  plate  specimen,  and  are  slightly  lower  than  those 
for  bulk  material.  Data  sets  which  are  not  selected  were  either  reported  with  unreliable 
values  or  were  measured  under  Inadequate  conditions.  Data  in  the  absorption  regions 
were  not  analyzed,  but  are  included  here  for  completeness  of  presentation.  Since  the 
selected  data  were  obtained  at  various  temperatures,  the  temperature  derivative,  dn/dT, 
was  needed  to  reduce  the  data  to  293  K. 

Measurements  of  the  temperature  coefficient  of  the  refractive  index,  dn/dT,  made 
available  in  the  wavelength  region  from  0. 21  to  21. 0  pm  by  a  number  of  investigators, 
were  sufficient  to  carry  out  a  least-squares  fitting  calculation.  Potassium  chloride  is 
among  the  five  materials  which  provided  the  empirical  results  that  led  to  the  parameters 
in  Table  5.  With  the  aid  of  these  parameters  we  constructed  a  formula  for  estimating 
dn/dT  over  a  broader  range  of  X: 


(41) 


9  dn 

2nw 


-11.13  (n*-l)  +  0.19  +  — 3‘ 3- 3  y 


14Z.  50  A. 


( X*  -  0. 02624)  *  ( X*  -  4958. 98)  * 


where  dn/dT  Is  in  units  of  10" 5  K"1  and  X  is  in  4m. 

In  Fig.  36,  tiie  results  calculated  by  Eq.  (41)  are  compared  with  the  experimental 
data.  It  appears  that  for  wavelengths  longer  than  five  microns  the  calculated  values  are 
in  general  lower  than  the  observed  values,  and  that  in  the  short  wavelength  region,  0. 25- 
0. 50  4m,  the  curve  is  higher  than  experiment.  By  a  review  of  the  sources,  one  can  find 
that  data  sets  32,  34,  and  36  ( 32  ami  36  not  shown  in  Fig.  36)  were  obtained  at  about 
330  K,  some  40  degrees  higher  than  293  K,  while  data  set  35  was  obtained  at  a  mean  tem¬ 
perature  about  15  degrees  lower  than  293  K.  The  trend  of  these  data  indicates  that  the 
absolute  value  of  dn/dT  increases  with  Increasing  temperature.  Although  dn/dT  data 
of  curve  9  were  obtained  at  a  mean  temperature  of  293,  they  appeared  to  be  randomly 
scattered  and  not  consistent  with  the  trend  demonstrated  by  curves  34  and  35. 


It  can  be  safely  said  that  Eq.  (41)  predicts  correct  dn/dT  values  for  wavelengths 
smaller  than  five  microns.  For  wavelengths  larger  than  five  microns,  experimental 
evidence  is  not  sufficient  to  substantiate  the  predictions  made  by  Eq.  (41) .  However, 
the  fact  that  the  empirically  constructed  dn/dT  formula  for  Csl  predicts  correct  values 
for  Csl  in  the  long  wavelength  region,  as  discussed  in  subsection  3.20,  gives  strong 
evidence  that  Eq.  (41)  can  be  used  to  calculate  the  dn/dT  data  for  KC1  In  the  long  wave¬ 
length  region. 


Equation  (41)  was  used  to  make  temperature  corrections  on  the  selected  data  sets 
which  were  obtained  at  temperatures  other  than  the  reference  temperature,  293  K. 


Dispersion  formulas  of  KC1  have  been  proposed  from  time  to  time  by  a  number  of 
authors,  and  have  appeared  in  different  forms.  Table  44  contains  a  number  of  typical 
formulas.  They  have  all  been  reduced,  wherever  possible,  to  standard  forms  so  that  a 
visual  comparison  can  be  easily  made.  From  Tables  3  and  44,  preliminary  parameters 
for  a  least-squares  fitting  were  obtained.  The  calculation  yielded  the  following  dispersion 
equation  for  KC1  at  293  K  in  the  transparent  region,  0. 18-35. 0  4m. 


n2  =  1.26486  4  °-30523  *2  |  0-41620  X:  (  0.18870  X2  ,  2. 6200  X1  (42) 

x2-(0.100)2  X2  -  (0.131) 2  X2  “  (0. 162) 2  \2  -  (70.42)'* 

where  x  is  in  units  of  4m. 

Equations  (41)  and  (42)  were  used  to  generate  the  recommended  values.  The  values 
appearing  in  the  table  of  recommended  values  do  not  reflect  the  degree  of  accuracy;  extra 
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decimal  places  are  given  simply  for  tabular  smoothness.  In  order  to  use  the  table  properly, 
the  reader  should  follow  the  criteria  given  below. 

For  refractive  index: 


Wavelength  Range 

Meaningful 

Estimated 

(pm) 

Decimal  Place 

Uncertainty,  ± 

0.18-  0.20 

2 

0.01 

0.20-  0.24 

3 

0.005 

0.24-  0.35 

4 

0.0005 

0. 35-10. 00 

4 

0.0001 

10.00-15.00 

4 

0.0002 

15.00-21.00 

4 

0.0005 

21.00-30.00 

3 

0.006 

30.00-35.00 

3 

0.008 

For  dn/dT: 


0.18-  0.20  1  0.9 

0.20-  4.0  1  0.3 

4.00-15.00  1  0.5 

15.00-35.00  1  0.9 


t 
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TABU  49.  RICQMMINOSO  VALUE*  OK  THl  BETBACTIVB  DBO  AMD  IT*  WAVEUBOm  AMD 
TEMPEBATUUS  DOJVATTVE9  KBIKtATMU* 


X 

m 

1 

1*- 

iWdT 

19-»K-* 

X 

0* 

■ 

-<WdX 

10"* 

19-4  K-* 

X 

0* 

a 

•B/t 

0** 

te/dT 
10-*  K-* 

i.tn 

1.96129 

16.62969 

17.29 

1.111 

2.19669 

6.16(96 

-2.79 

1.(99 

1.97191 

(.11(11 

-1.29 

I.IM 

1.66162 

11.69617 

11.79 

1.119 

1.(9272 

9.(1262 

-2.79 

1.(69 

1.97632 

(.1(661 

•3.20 

i.m 

1.91991 

11.66269 

11.19 

9. lit 

2.69616 

9.11719 

-2.(1 

1.1(9 

1.97997 

(.1(111 

•1.29 

(.1(9 

1.91799 

11.19976 

1.11 

1.116 

t. 12769 

9.99(92 

•2.(9 

1.169 

1.97(99 

1.(1719 

•1.21 

1*191 

1.76799 

1.96619 

7.16 

9.119 

1.23629 

(.967(2 

-2.99 

1.2(1 

1.97911 

(.9(962 

-3.21 

(.166 

1.79397 

9.99112 

6.99 

1.116 

1.(3292 

(.91(16 

-2.(9 

1.269 

1.97791 

(.9(692 

•1.21 

1.199 

1.76962 

7.21696 

9.66 

9.321 

1.(3197 

(.996(9 

-2.19 

1.3(9 

1.97766 

9.(9329 

•3.21 

9*199 

1.76199 

9.66696 

9.99 

1.336 

1.62116 

C.  299(7 

-2.12 

1.169 

1.97739 

(.1(979 

•3.21 

9.199 

1.71633 

6.67911 

1.29 

1.191 

1.(2793 

C. 2(327 

-2.61 

1.9(0 

1.977(9 

9.(9911 

•3.21 

9.199 

1.72796 

6.97216 

2.69 

1.191 

1.(2126 

(.399(2 

-2.66 

1.961 

1.97(97 

9.9(169 

-3.21 

9.799 

1.71716 

6.91739 

2.96 

9.311 

1.(2369 

9.22(17 

-2.69 

1.6(9 

1.97(99 

9.(9161 

-3.21 

9.297 

1.79771 

9.96611 

1.61 

9.111 

1.(2161 

(.31(66 

-2.97 

1.669 

1.97(61 

1.9(136 

-2.21 

9.299 

1.66979 

9.11771 

1.11 

1.311 

1.(2996 

(.26917 

-2.61 

1.(99 

1.97039 

(.99112 

-3.21 

9.796 

1.66991 

9.11762 

1.91 

1.116 

1.9119( 

(.271(9 

-3.(1 

1.(69 

1.97(16 

9.69211 

•1.21 

9.299 

1.69261 

1.76117 

9.61 

1.171 

1.11761 

(.2(639 

-2.11 

1.7(9 

1.972(6 

(.9(271 

-3.21 

9.719 

1.97611 

1.691f6 

9.21 

1.171 

1.11(31 

(.21396 

-1.(1 

1.769 

1.97162 

9. 9(217 

•1.21 

9.212 

1.66969 

3.21266 

•1.12 

1.111 

1.61(16 

(.29212 

-3.(2 

1.9(1 

1.976(1 

(.9(291 

•3.21 

9.219 

1.66  221 

1.96619 

-9.26 

1.316 

1.(1266 

(.22111 

•1.91 

1.961 

1.976(9 

I.992M 

•3.21 

9.216 

1.66629 

2.61721 

-1.99 

1.161 

1.(1293 

(.129(2 

-3.19 

1.6(1 

1.97667 

9.(9211 

•1.21 

9.219 

1.66963 

2.76999 

•1.61 

1.111 

1.(1176 

0.21119 

-1.19 

1.6M 

1.97691 

(.1(211 

•1.21 

9.229 

1.69617 

2.909(9 

•9. 1C 

9.919 

1.(1972 

(.2(209 

-1.(1 

2.(99 

1.97119 

(.9(201 

-3.21 

9.222 

1.69919 

2.99791 

•1.69 

1.911 

1.(9971 

(.19(36 

-1.(7 

2.(69 

1.97629 

(.1(169 

-3.21 

9.229 

1.63619 

2.19116 

•1.12 

1.921 

1.(9711 

(.17169 

•1.(9 

2.1(9 

1.97119 

(.9(1(7 

-3.21 

9.226 

1.61973 

2.22916 

•1.21 

1.921 

1.11(27 

(.16736 

-1.(1 

2.169 

1.976(7 

(.1(1(1 

•3.21 

9.229 

1.62616 

2.11616 

-1.12 

9.991 

1.1(296 

(.19661 

-3.19 

2.2(9 

1.97969 

(.9(179 

•3.21 

9.719 

1.62226 

2.11619 

-1.92 

1.911 

1.(1296 

(.13996 

-3.19 

2.269 

1.97991 

(.9(172 

•3.21 

9.232 

1.61911 

1.12219 

•1.62 

1.911 

1.(911! 

9.12(23 

-3.11 

2.1(9 

1.979(1 

(.9(199 

-3.21 

9.219 

1.61967 

1.93616 

•1.11 

1.979 
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j.  1*71  F  0.  S440  1054  Similar  to  above. 

1C  w  ml  Boll,  E.E.  1*49  R  26.0-  223.0  300  Crjretal;  reflection  epectrum  waa  meaeured  bjr  Ml*  technique  of  aeyminetric 

Foarier-traneform  gpectroecopy  and  refractive  ladkee  ewe  tben  deter - 
mined;  data  extracted  from  a  flfure. 


TABLE  41.  SCOC  E  AND  TECHNICAL  IN  F  ORM  AT]  ON  ON  THE  RE  FRAC'l  IV  E  INDEX  ANT)  dn/dT  M  E  AS  UR  1  M  t  NTS  OF  KC1  <  continued) 


Pulfrjch,  C .  1892  D  0.589  290  Natural  crystal;  prismatic  specimen  of  apex  angle  30° IMS'’;  refractive 

Index  of  sodium  D  line  was  determined  by  an  Abbe  autocollimstlig 
spectrometer ;  digit t7ed  value  was  presented;  dn/dT  of  lines  C,  D,  F, 
and  G’  in  the  temperature  range  from  19. 6  C  to  99.  4  C  were  also  given. 
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TABLE  42.  EXPERLMEYTAL  DATA  ON  THE  REFRACTIVE  INDEX  OF  KC1  (continued) 
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TABLE  44.  COMPARISON  OF  DISPERSION  EQUATIONS  PROPOSED  FOR  KC1 


3.11.  Potassium  Bromide,  KBr 

Potassium  bromide  has  optical  characteristics  similar  to  those  of  rock  salt,  but, 
having  a  higher  molecular  weight,  it  transmits  further  into  the  infrared.  Crystals  up 
to  11  kg  are  available  from  Harshaw  Chemical  Company.  Very  pure  samples  have  been 
obtained  and  they  can  be  cleaved  easily.  KBr  is  of  interest  to  designers  of  optical  in¬ 
struments  because  of  its  transparency  in  the  infrared  region.  Although  KBr  is  transparent 
from  0.20  to  42  jim,  the  useful  region  is  from  0.3  to  30  pa  because  strong  absorption 
occurs  near  the  transparency  limits. 

Measurements  of  the  refractive  index  of  KBr  date  back  to  1874.  For  the  transparent 
region  experimental  values  were  obtained  mainly  by  the  deviation  method.  For  low  ultra¬ 
violet  and  far  infrared  wavelengths  there  were  no  measurements  until  1967,  when  Vishnevskii 
et  al.  (90J  reported  their  results  for  the  region  from  0.170  to  0.197  pa  and  Handi,  et  al. 

[16]  reported  results  for  the  region  35  to  770  pa. 

After  carefully  reviewing  this  work,  we  have  selected  the  data  sets  reported  by 
Spindler  and  Rodney  [96] ,  Stephens,  et  al.  [97] ,  Forrest  [98] ,  Harting  [30] ,  andGundelach 
[99]  as  the  basis  of  the  generation  of  reference  data.  Data  sets  which  were  not  selected 
either  reported  poor  values  or  were  determined  by  inadequate  methods.  Data  for  thin 
films  are  not  consistent  with  those  for  the  bulk  material.  The  properties  of  the  thin  film 
vary  widely  with  the  surface  conditions,  the  treatment  of  the  sample  and  the  thickness 
and  aging  of  the  film.  As  a  consequence,  the  thin  film  data  are  useless  unless  a  pro¬ 
tecting  coating  was  deposited  to  preserve  its  characteristics.  Data  for  the  absorption 
regions  were  not  included  in  the  analysis,  but  are  presented  here  for  completeness. 

Note  that  the  selected  data  were  obtained  at  different  temperatures;  the  effect  of  temperature 
variations  should  be  corrected  before  they  were  used  for  data  analysis. 

Data  on  the  temperature  coefficient  of  refractive  index,  dn/dT,  of  KBr  are  very 
scanty  and  limited.  Only  five  sets  were  found,  covering  the  wavelength  range  from  0. 26 
to  1. 1  pa.  Among  the  available  data,  those  of  Spindler  and  Rodney  [96]  are  reasonably 
good,  and  those  of  Harting  [11]  show  a  wide  scatter  and  are  not  internally  consistent. 

The  single  value  of  Stephen,  et  al.  [97]  is  a  rough  averaged  value  of  dn/dT  in  a  wavelength 
range  of  0.404  to  25. 14  pa  at  295  K,  and  is  consistent  with  the  results  of  Spindler  and 
Rodney.  The  single  value  reported  by  Forrest  [98]  is  the  average  value  of  dn/dT  in  a 
wavelength  range  of  0. 40  to  0. 77  pa  at  a  mean  temperature  of  301  K  and  is  consistent 
with  the  other  data  sets.  The  single  measurement  of  Korth  [100]  is  not  accurate.  The 
available  data  on  dn/dT  are  not  suitable  for  a  curve -fitting  calculation,  because  the  wave¬ 
length  coverage  of  the  acceptable  data  is  not  wide  enough  to  make  evident  the  effects  due 
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to  the  thermal  shifts  of  absorption  peaks.  However,  by  use  of  our  novel  findings,  reason*  Me 
estimation  of  dn/dT  for  a  wide  wavelength  range  is  not  a  problem.  The  empirical  parameter 
values  in  Table  5  were  used  to  construct  the  dn/dT  formula  of  KBr  for  the  whole  transparent 
region: 


2n  -  -11.61  (n2-l)  +  0.39  + - — ^ +  — ~--88  ^ —  (43) 

(X2  -  0.03497) 2  (X2  -  7694. 80) 2 

where  dn/dT  is  in  units  of  10^ 5  K"2  and  X  in  4m. 

A  comparison  of  the  values  calculated  by  Eq.  (43)  and  the  existing  data  is  shown 
in  Fig.  40.  It  appears  that  the  calculated  values  are  in  general  higher  than  the  experi¬ 
mental  values,  but  we  have  reason  to  believe  that  Eq.  (43)  predicts  correct  dn/dT  values 
for  the  whole  transparent  region. 

1.  It  has  been  observed  in  halide  crystals  that  the  absolute  value  of  dn/dT 
increases  with  increasing  temperature.  Spindler  and  Rodney  obtained  dn/dT 
at  295  K;  our  dn/dT,  for  293  K,  should  be  located  above  their  values.  This 
is  clearly  shown  in  Fig.  40,  where  the  calculated  curve  is  above  and  roughly 
parallel  to  curve  5.  Although  the  separation  of  these  two  curves  seems 

too  large  to  account  for  only  two  degrees  in  temperature  difference,  it  is 
within  the  uncertainties  in  our  calculation  and  the  experiment. 

2.  In  the  case  of  Csl,  the  empirically  constructed  formula  predicts  correct 
dn/dT  values  in  the  long  wavelength  region,  as  discussed  in  subsection  3. 20. 
One  can  expect  this  is  to  be  the  case  here. 

Spindler  and  Rodney  derived  an  empirical  relation  ( given  in  Table  49)  between  dn/dT 
and  wavelength,  based  on  their  experimental  results.  This  expression  indicated  that  dn/dT 
increases  with  increasing  wavelength  in  the  visible  region  0. 4  to  0. 71  4m,  but  no  attempt 
was  made  to  derive  dn/dT  beyond  the  visible  region. 

Equation  (43)  was  used  to  make  temperature  corrections  to  the  selected  data  sets 
which  were  obtained  at  temperatures  other  than  293  K. 

Quite  a  few  dispersion  equations  have  been  proposed  from  time  to  time  by  a  num¬ 
ber  of  authors,  and  in  various  forms.  Table  49  displays  a  few  of  typical  formulas.  They 
have  all  been  reduced,  wherever  possible,  to  standard  forms  so  as  to  facilitate  a  visual 
comparison.  From  the  information  in  Tables  3  and  49,  preliminary  parameters  for 
least-squares  fitting  were  obtained.  The  calculation  yielded  the  following  dispersion 
equation  for  KBr  at  293  K  in  the  transparent  region,  0. 20  to  42. 0  4m. 


-i  ,  0.79221  X4  0.01981  X2  0.15587  X2 

-  1'39408  x,  .  (0.146)!  x,  .  (0.173) 2  +  X>-(0.187)» 


0.17673  X2  f  2.06217  X2 
X2  -  (60. 61) 2  X2  -  ( 87. 72) 2  * 

where  X  is  in  units  of  pm. 

Equations  (43)  and  (44)  were  used  to  generate  the  recommended  values.  The 
property  values  are  given  to  more  decimal  places  than  needed  simply  for  the  purpose 
of  tabular  smoothness.  In  order  to  use  the  table  of  recommended  values  properly,  the 


readers  should  follow  the  following  criteria: 

For  refractive  index: 

Wavelength  Range 

Meaningful 

Estimated 

(pm) 

Decimal  Place 

Uncertainty,  ± 

0.20-  0.25 

3 

0.006 

0.25-  0.35 

4 

0.0005 

0.35-  0.40 

4 

0. 0002 

0.40-20.00 

4 

0.0001 

20.00-26.00 

4 

0.0005 

26.00-35. 00 

3 

0.006 

35.00-42.00 

3 

0.008 

For  dn/dT: 

0.20-  0.25 

1 

0.9 

0.25-  4.0 

1 

0.3 

4.00-30. 00 

1 

0.5 

30.00-42.00 

1 

0.9 
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RECOMMENDED  - PROVISIONAL 
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K  ON  THE  REFRACTIVE  INDEX  AND  da/dT  MEASUREMENTS  OF  KBr  ,cortU««l) 


TABLE  47.  EXPERIMENTAL  DATA  ON  THE  REFRACTIVE  INDEX  OF  KBr  ( 


TABLE  48.  EXPERIMENTAL  DATA  OX  dn/dT  OF  KBr 


3.12.  Potassium  Iodide,  K3 

Potassium  iodide  is  valuable  as  prism  material,  but  it  is  too  hygroscopic  (being 
about  twice  as  soluble  in  water  as  potassium  bromide)  and  too  soft  for  field  use.  It  is 
also  soluble  in  alcohol  and  in  ammonia.  Ingots  19  cm  in  diameter  are  available.  Although 
Kl  is  one  of  the  softest  rocksalt- structure  alkali  halides,  not  a  suitable  optical  material, 
its  wide  transparency,  0.  25  to  50  fjm,  draws  attention  in  crystal  structure  research. 
Fundamental  absorptions  in  the  ultraviolet  and  infrared  regions,  static  and  high-frequency 
dielectric  constants  have  been  measured  by  a  number  of  investigators,  and  the  results 
are  listed  in  Table  3. 

Reasonable  amounts  of  data  on  the  refractive  index  of  K3  are  available  in  the  open 
literature.  By  careful  examination  of  the  available  data  we  find  that  for  the  transparent 
wavelength  region  the  results  of  Gyulai  [27]  and  Harting  [30]  are  consistent  (with  tem¬ 
perature  effects  considered)  to  the  fourth  decimal  place  in  spite  of  the  fact  that  Gyulai 
quoted  an  accuracy  of  one  unit  at  the  third  decimal  place.  Korth's  values  [100]  ,  although 
being  reported  to  the  fourth  decimal  place,  are  good  only  to  the  third  place.  Bauer's 
values  appear  too  low  to  be  considered  as  useful  data  because  of  his  use  of  thin  films, 
and  the  unfavorable  surface  conditions  of  the  samples.  Data  reported  by  Sprockhoff  [95] 
and  Topsoe  and  Christiansen  [101]  appear  slightly  too  high  at  the  assumed  temperature; 
they  either  observed  at  a  considerably  lower  temperature  or  used  inadequate  samples. 

In  the  infrared  region,  40  fjm  and  up,  data  were  deduced  by  analyzing  the  information 
on  reflection  and  transmission  spectra.  Data  are  available  from  the  figures  of  Hadni, 
et  al.  [16]  ,  Edlridge,  et  al.  [103]  ,  and  Berg,  et  al.  [1041 .  They  are  not  included  in  the 
data  analysis  but  are  presented  here  for  completeness. 

Data  measured  by  Gyulai,  Harting,  and  Korth  were  adopted  for  our  analysis. 

The  selected  data  sets  were  obtained  at  different  temperatures:  Gyulai' s  measured  at 
339  K,  Harting's  at  293  K,  and  Korth's  at  311  K.  Information  on  dn/dT  is  needed  to 
c  rry  out  temperature  corrections  on  the  selected  data  sets,  but  little  is  available. 

Data  on  dn/dT  were  given  by  Harting  [30]  and  Korth  [100] .  The  values  reported 
by  Harting  are  for  a  wavelength  region  from  0.248  to  1.083  ^m  and  a  temperature  of 
293  K.  Although  this  data  set  covers  a  sufficient  wavelength  range  for  a  curve  fitting 
calculation,  its  unfavorable  scatter  led  to  unreasonable  values  of  the  adjustable  para¬ 
meters  in  Eq.  ( 19) .  A  single  but  reliable  value  was  given  by  Korth  for  the  Hg  green 
line  at  a  mean  temperature  of  337  K.  As  a  consequence  of  the  lack  of  reasonable  data, 
temperature  effect  corrections  to  the  available  data  on  refractive  index  were  never  con¬ 
sidered  in  early  survey  works  or  in  handbooks.  In  the  present  work,  however,  this  problem 
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was  solved  by  our  empirical  discoveries  by  which  the  unknown  parameters  of  Eq.  (19) 
for  each  of  the  alkali  halides  were  predicted.  This  enabled  us  to  construct  a  dn/dT 
formula  for  KI  at  293  K  in  the  transparent  region: 


2n||  =  -12.24  (n2-l)  +  0.80  +  - 


4.785  X4 


165.92  X4 


(X2  -  0.04796)2  (X2  -  9611.84)2 


where  dn/dT  is  in  units  of  10  “5  K-1  and  X  in  fxm. 


(45) 


In  Fig.  43,  the  values  calculated  by  Eq.  (45)  are  compared  with  the  experimental 
data.  It  appears  that  our  calculated  values  do  not  agree  with  those  reported  by  Harting. 
However,  we  have  reasons  to  believe  that  Eq.  (45)  predicts  satisfactory  dn/dT  values 
for  KI. 

1.  The  figure  shows  that  the  curve  of  Eq.  (45)  is  the  lower  envelope  of  Halting’s 
data.  If  the  uncertainties  of  Harting’ s  measurements  are  the  deviations  of 
the  points  from  the  averaged  position,  our  predictions  are  considered  to  be 

in  acceptable  agreement  with  the  Harting' s  values. 

2.  Although  it  has  been  observed  in  halide  crystals  that  the  absolute  value  of 
dn/dT  increases  with  increasing  temperature,  the  variation  is  small  in  a 
fairly  wide  range  of  temperatures.  This  is  the  basis  of  the  second  expres¬ 
sion  of  Eq.  (4) .  It  is  clearly  shown  in  Fig.  43  that  our  predictions  are 
located  at  a  reasonable  distance  from  Korth's  data  point,  in  view  of  the  dif¬ 
ference  in  temperatures . 

3.  The  predictions  of  the  dn/dT  formula  for  Csl  based  on  the  empirical  para¬ 
meters  of  Table  5  agree  closely  with  the  data  in  the  long  wavelength  region 
as  discussed  in  subsection  3. 20.  We  assume  that  this  is  also  the  case  for 
KI. 


Based  on  the  above  discussions,  Eq.  (45)  was  confidently  used  to  reduce  the  selected 
refractive  index  data  to  293  K. 

Ramachandran  [17]  attempted  to  construct  dispersion  equations  to  fit  the  data 
provided  by  Gyulai  and  Korth,  respectively,  and  found  two  equations,  one  for  wavelengths 
from  0.206  to  0.615  at  339  K,  and  the  other  for  wavelengths  from  4  to  29  jjm  at  311  K, 

as  shown  in  Table  54.  Note  that  these  equations  do  not  include  the  contributions  of  ab¬ 
sorption  bands  located  at  the  other  end  of  the  transparent  region.  This  will  lead  to 
improper  extrapolations.  It  is  our  goal  to  work  out  a  formula  which  includes  the  effects 
due  to  the  absorption  bands  at  both  ends  of  the  transparent  region,  and  yields  the  refrac¬ 
tive  indices  for  the  whole  transparent  region  at  a  chosen  reference  temperature,  293  K. 
Based  on  the  information  in  Tables  3  and  54,  input  parameters  for  least-squares  fitting 
were  obtained.  The  result  of  the  fitting  is  a  dispersion  equation  for  KI  at  293  K  in  the 
transparent  region,  0.25-50  jan. 
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n2  =  1.172QC)  °- 16512X2  ,  0-41222  X2  f  0.44163  X2 

X2  -  (0. 129) 2  X2  -  (0. 175)2  X2  -  (0. 187)2 

+  0.16076  \2  +  0.  33571  X2  1.92474  X2 
X2  -  (0.  219)2  X2  -  (69. 44)2  X2  -(98.04)2’ 


(46) 


where  X  is  in  units  of  fjm. 

Equations  (45)  and  (46)  were  used  to  generate  the  recommended  values  for  n, 
dn/dX,  and  dn/dT.  More  decimal  places  are  given  than  are  needed,  for  tabular  smooth¬ 
ness.  Readers  are  advised  to  use  the  criteria  given  below  in  order  to  insure  the  proper 
usage  of  the  table  of  recommended  values. 


For  refractive  index: 

Wavelength  Range 
(taxi) 

0.25-  0.35 
0.35-10.00 
10.00-25.00 
25.00-40.00 
40.00-50.00 


Meaningful 
Decimal  Place 

3 

3 

3 

3 

3 


Estimated 
Uncertainty,  t 

0.008 

0.002 

0.003 

0.006 

0.009 


0.25-  0.27 

1 

0.9 

0.27-  2.0 0 

1 

0.3 

2.00-30.00 

1 

0.4 

30.00-40.00 

1 

0.5 

40.00-50.00 

1 

0.9 

For  dn/dT: 
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TABLi.  50.  RECOMMENDED  VALUES  ON  THE  REFRACTIVE  INDEX  AND  ITS  WAVELENGTH  AND 
TEMPERATURE  DERIVATIVES  FOR  K1  AT  293  K* 


da/dT 

10-*  K-* 


2. 64933 
2.C3283 
2 . Cl  To 3 
2. £0357 
1.99050 

1.978J? 

1.9689J 

1.998.29 

1.99611 

1.93672 

1.92777 
1 .919J0 
l. 9U27 
!. 90365 
1 . 69640 

1  .  869^ 
t .86290 
1.87660 
1.87059 
1.86663 

1.85931 

1.85602 

1.66696 

1.86603 

1.83936 

1.83666 

1.82624 

1.81659 

1.8C571 

1.79753 

1 .78991 
1.78298 
1.77668 
1.77062 
1.76677 

1  .  7*968 
1 .75652 
l  .76987 
1  .  76369 


I.7J768 
1.73  380 
1.73132 
1.72703 
1.72390 

1.72093 
1.71562 
1. 71862 
1.70387 
1.78171 

1.69789 

1.49638 

1.69114 

1.68819 

1.68937 

1.68281 
1.68161 
1.47816 
1  .87681 
1.67412 


8.61024 

7.91020 

7.3C3C3 

€.771*7 

6.302(5 

5.82399 
5.51364 
5.17847 
4.87376 
4,60  096 

4.3*032 

4.12139 

3.91104 

3.71734 

3.53845 

3,372(1 

3.219C5 

3,07000 

2.44213 

2.01604 

2.7C 142 
2.592C9 
2.46542 
2.35285 
2.30188 

2. 2 1€  C6 
£.821(9 
1.65189 
1.7c  2!6 
1.57037 

1.4*321 

1.34836 

1.2*4|7 

1.1(991 

1.81287 

1.02333 

0.9(014 

0.90226 

0.64437 

8.40104 

0.7*120 

1.71964 

0.67711 

0.641(1 

0.61916 

0.57H2 

1.32427 

0.47672 

0.43113 

1.35832 

8.1(901 

1.33(48 

8.11188 

1.2(748 

8.26714 

8.24837 
1. 13136 
8.2IV96 
8.18199 
8.18413 


1.  (7225 
1.  (7C57 
1.(669$ 
1.(6743 
1.(6599 

1.(6666 
1 • (6? 1  * 
1.(5991 
1.(5790 
1.29(07 

1.(5462 
1.(5291 
1.(5156 
1.  (5026 
1.(4912 

1.(4825 
1.  (47C7 
1.  (4(15 
1 . ( 4$  3 1 
1.(4452 

1.(4379 

1.(4311 

1.(4268 

1.(4108 

1.(413? 

1.(4080 

1.(3962 

1.(3861 

1.(377? 

1.CJ695 

1.0(27 

1.(3566 

l.(S*12 

1.(3464 

1.(342} 

1.(336? 

1 • ( 3366 
1.(3314 
1.63284 
1.(3257 

1  .(32  3 ? 
1.(3209 
1.(3188 
1.(3168 
1.(3149 

l.f 31 32 
1.(3116 
1.0101 
1.(30  St 
1. (3073 

1  .(3060 
1.(3066 
1.(3037 
1  .(30?( 

i.nou 

i.ooat 

1.(2996 

1.12967 

1.(2976 

1.(2978 


•dn/dX 

do/dT 

10-*  K*4 

X 

n 

-<WdX 

ipn  — i 

<W<rr 

10-  K- 

C.  17742 

-4.31 

2. 75C 

1.62962 

C. 03160 

-4.49 

C.  l((69 

-4.33 

2.800 

1.62956 

0.00155 

-4.49 

C.  35(04 

-4.  33 

2.850 

1.(2966 

0.09110 

-4. 49 

C.  1477€ 

-4.34 

2.9C0 

1.(2535 

0.80146 

-4.45 

0.13940 

-4.35 

2.950 

1.62931 

0.09142 

-4.40 

C.  13167 

-4.3: 

3.000 

1.(2924 

0.80128 

-4 .48 

0  . 11789 

-4. 37 

3.05C 

1.62911 

0.80125 

-  4  •  4  ( 

0.1060  1 

-4.38 

3.100 

1.62911 

0.00131 

-4.48 

0.09571 

-4.39 

3.150 

1.62906 

0.80:29 

-4.48 

:.!0673 

-4,40 

3.200 

1.6269C 

0.88126 

-4.48 

C  .C7007 

-4.41 

3.25C 

1.62(92 

0.80123 

-4.48 

0.07144 

-4,41 

3.300 

1.62686 

0,00121 

-4.48 

0.06502 

-4,42 

3.350 

1.62(68 

0.00119 

-4.46 

0 . C6( 39 

-4,42 

3.4Q0 

1.62874 

C. 80117 

-4.48 

0. C55?5 

-4.43 

3.450 

1.62(68 

0.00115 

-4.48 

C.C5122 

-4.42 

3.530 

1.62(62 

0.00114 

-4.48 

0.04734 

-4.44 

3.550 

1.62057 

0.00112 

-4.48 

C.  :4385 

-4.44 

3  •  b  0  C 

1.62851 

0.00111 

-4.48 

C.06C70 

-4.44 

3.650 

1.6264( 

0.00119 

-4.40 

C. C J705 

-4.4? 

3.7C0 

1 • 6? (4  C 

Q.Q01C8 

”  4 . 4  ( 

0. C3626 

-4.45 

3.  750 

1.(203! 

0. 0  0  1  C  7 

-4.46 

C. C3291 

-4.4? 

3.600 

1.42625 

0.001 C7 

-4.40 

C. CJC77 

-4.45 

3.850 

1.62624 

0.B01C6 

-4.40 

0.02601 

-4.46 

3.90Q 

1.62615 

0.00105 

-4.48 

C. 62702 

-4.4( 

3.950 

1.62614 

0.00164 

-4.48 

0. 02*37 

-4.46 

6.090 

1 .62(06 

0.00104 

-4.46 

0.02102 

-  4  •  4( 

4.010 

1.62003 

0.00103 

-4.48 

C. 01(91 

-4.47 

6.100 

1.62790 

0.80163 

-4.40 

C.C1651 

-4.47 

6.150 

1 .6  2*9  3 

0.801C? 

-4.40 

0. Cl  45  0 

-4.4? 

6.280 

J.(2T8( 

0  0  1  C  2 

-4.40 

0.0120? 

-4.47 

6.250 

1.62783 

0.(01i2 

-4.40 

C. 01139 

-4.47 

6.  300 

1. (277  ( 

O.OOlCw’ 

-4.46 

C.01C16 

-4.40 

6.350 

1.02773 

0.001  Cl 

*4.4  6 

0.00913 

-4.40 

6.400 

1.62760 

0.00141 

-4.46 

0 .80824 

-4.48 

4.651 

1.(2762 

0.001  C  1 

-4.46 

0  .  0C  766 

-4,40 

6.500 

1.62757 

0.001  C  1 

-4.4  0 

O.CC670 

-4.40 

6.550 

1.62752 

o.ooi  ci 

-4.48 

C .006 10 

-4.60 

6.600 

1.62747 

0.001C  1 

-4.46 

0 . 00666 

-4.48 

6.650 

1.62742 

0.001  C  1 

-4.40 

C.  00520 

-4.48 

6.700 

1.(2737 

0.06161 

-4.46 

0 .00601 

-4.48 

6.750 

1.62732 

0.00  161 

-4.48 

0.00663 

-4.46 

6.800 

1.42727 

6  •  0  0  1  C  2 

-4.46 

0, 00411 

-4.48 

6.850 

1.(2722 

0.0016? 

-4.40 

0. 0030? 

-4.40 

6.900 

1.(2717 

0 .8 1 1 C  2 

-4,47 

0,80357 

-4.40 

6.951 

1.(2712 

0.Q01CZ 

-4,47 

0.  COM4 

-4.40 

5.000 

1.(2707 

6.00 1 C  2 

-4.4  7 

C. eo  31 3 

-4.48 

5.  100 

1.(2696 

0.001(3 

-4,4? 

0. CO  t 94 

-4.48 

5.200 

1.62(06 

0  .00104 

-4  .47 

0.00277 

-4.45 

5.301 

1.42476 

0  •  1 1 1  C  5 

-4,4? 

0.10:62 

-4.45 

5.400 

t  •  (  2(65 

0.00 105 

-4.4? 

C.  10246 

-4.49 

5.500 

1.62(55 

1.00166 

-4.47 

C.  00235 

-4.49 

5.601 

1.62(44 

1.00167 

-4.4? 

0.80223 

-4. 49 

5.708 

1.6  26  33 

1.03111 

-4,47 

C.  10213 

-4.49 

5.608 

1.62(22 

0.08109 

-4.47 

C.  10283 

-4.49 

5.988 

1.62611 

0.88110 

-4.4? 

0.88 194 

-4.45 

6.800 

1.42800 

0.80112 

-4.4? 

0. 10 166 

-4.49 

6.188 

1.62585 

8.88113 

-4.40 

C. 00179 

-4.45 

6.200 

1.4297  0 

8.88114 

-4.46 

0.10172 

-4.41 

6.388 

1.42844 

8.88110 

-4.4t 

0.801(6 

-4.49 

6.488 

Mfffl 

0.801U 

-4.40 
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TAB  LI  to.  RECOMMENCED  VALUES  ON  THE  REFRACTIVE  INDEX  AND  ITS  WAVELENGTH  AND 
TEMPERATURE  DERIVATIVES  FOR  KI  AT  MS  K  (o<Trtwd)» 


X 

ym 

n 

-<M/dX 

MM* 

da/tfT 

i<Rk-* 

x 

(A® 

n 

-da/dk 

ym”1 

<V< rr 

io-«  K-* 

X 

a 

-tta/dX 

W** 

dm/dT 
10  "4  X-4 

•  .500 

1.62I4J 

0.IC118 

-4.46 

12.801 

1. (1401 

0.00220 

-4*35 

26.5 00 

1.MU3 

0.00157 

•3.14 

8*601 

1.62131 

1.00119 

-4.46 

13.000 

1*61436 

0*  CO  220 

-4*34 

27.001 

l.SUtl 

0.1(07] 

•3.40 

e.roo 

1.62519 

t.ff Iff 

“4.46 

13.211 

1*11390 

0.00232 

-4.34 

27.511 

t.mie 

0.00000 

•3*42 

6.60Q 

1.62907 

0.90112 

•4*40 

13.410 

1*61343 

0*00230 

-4*93 

20*000 

l.SItlt 

0.00007 

•1*16 

o.9flf 

1.62695 

0.08123 

-4.46 

13.010 

1.61296 

0.00240 

-4.33 

20.500 

1.5*141 

(.0(674 

-0.29 

r.ooc 

1.62902 

0.08125 

-4.45 

13.800 

1*61247 

0*00244 

-4.32 

29.000 

1.54077 

0.0(647 

-3.23 

7.100 

1.62670 

0.00126 

-4.45 

14.000 

1*61198 

0.CQ248 

-4.31 

29.500 

l.S4!(7 

(.00660 

-3.15 

7.200 

1.62697 

0.00120 

-4.45 

14.210 

1.(1148 

8*00252 

-4*31 

30.000 

1.041*7 

0.(0670 

-3.10 

7.300 

1.62666 

0.38129 

-4.45 

14.400 

1.61097 

0.00250 

-4*30 

30.500 

l.SIltt 

0.(0600 

-3.00 

7,aco 

1.62631 

2.08171 

“4.45 

14.011 

1*61040 

0.00260 

-4.29 

31.000 

l.nmt 

0.0(719 

-2.52 

7.500 

1.62610 

6.00172 

-4.45 

14.000 

1.60993 

0*00204 

-4.29 

31.500 

i.siios 

0.(0730 

•2.63 

7.600 

1 .62605 

0.10174 

-4.45 

15.000 

1.(0940 

0 . 00260 

-4*20 

32.000 

i.strn 

0.00761 

-2.74 

7,700 

1.62391 

1.06175 

-4.45 

15.200 

1*68886 

0.00272 

-4.27 

32.500 

1.57347 

0.(0703 

•2.64 

7.600 

1.62378 

0.001 77 

-4.44 

15.488 

1.(0631 

0*00270 

-4.27 

33.000 

t.sists 

0.000(6 

-2.54 

7.900 

1.62366 

0.00178 

-4.44 

15.00* 

1.(0776 

0.00200 

-4.26 

33.500 

1.5151? 

0.(0629 

•2.44 

e.ooo 

1.62350 

0.00190 

“4.44 

15.800 

1.(0715 

O.CO204 

-4.25 

34.000 

1. smt 

0.00053 

-2.32 

6.100 

1.62336 

0. 00181 

-4.  44 

10.000 

1  .(0662 

O.C0288 

-4.25 

34.500 

1.50(03 

0.00(70 

-2.21 

6  .  ?0  0 

1.62322 

0.00143 

•4.44 

10.200 

1.60604 

6.00293 

-4.24 

35.000 

l.soiie 

0.(0904 

-2.00 

a ,  soo 

1.62307 

C. 18145 

•4.  44 

10.410 

1.(0545 

8.00297 

-4.23 

35.500 

Mirn 

0.00911 

-1.95 

8.410 

1.62293 

C. 06186 

•4.44 

16.600 

1.60485 

0.00301 

-4.22 

36.000 

1.49306 

0.00959 

-1.02 

8.5*0 

1.62278 

0.00146 

•4.43 

16.000 

1.(0425 

0.00305 

-4.21 

30.500 

1.40(20 

0.(0900 

-1.60 

a. toe 

1.62263 

0.00150 

-4.43 

17.100 

1.(0363 

0. C0310 

“4.21 

37.000 

1.40310 

o.oioit 

-1.53 

8.700 

1.62268 

0.30  15  t 

•4.43 

17.200 

1.(0301 

0.60314 

-4.20 

37.500 

1.47002 

0.01049 

-1.37 

6 .600 

1.62233 

0.00153 

-4.43 

17  .400 

1.(0238 

0. C6318 

“4.15 

30.000 

1.477*5 

0.01007 

- 1 . 20 

8.900 

1.62216 

0.00155 

-4.  43 

17.010 

1.(0174 

0. 00  323 

“4.10 

30.500 

1.4*770 

0.01115 

-1.02 

9.000 

1.62202 

0.00156 

-4.43 

17  .080 

1.(0109 

0.  CO  .'27 

-4.17 

39.000 

1.40153 

0.01151 

-0.04 

9.100 

1.62186 

0.0C158 

-4.43 

18.080 

1.(0043 

0. 68332 

-4.16 

39.500 

1.40569 

0.01107 

-0.05 

9.200 

1.62171 

0.00163 

-4.42 

10.200 

1.59976 

0.00330 

-4.15 

40.000 

1.44966 

0.01726 

-0.44 

9.3C0 

1.62155 

0.01161 

-4.42 

18.400 

t. 59908 

0.C0341 

-4.14 

40.560 

1.4*10 

0.01706 

•4.23 

c  .  4  00 

1.62138 

0.00163 

-4.4? 

18.600 

1.(9840 

0. C0245 

“4.13 

41.000 

1 . 4  3  7  0  G 

0.01307 

0.00 

9.5C0 

1.62122 

0.06165 

-4.4? 

18.800 

1.59770 

0. CO  350 

-4.12 

41.500 

1.41038 

0.01351 

0.24 

°.f  00 

1.62105 

C. 00166 

-4.4? 

19.CC0 

1.59700 

0.00354 

*4,11 

42.000 

1 ■ 4734  B 

0.01397 

0.49 

9.700 

1.6208* 

0.001(6 

-4,41 

19.200 

1*59628 

C.f  0  3  59 

-4. 1C 

42.500 

1.41(31 

0.01445 

0.7b 

9.800 

1.62072 

0 .08170 

-4.41 

19.400 

1.59556 

0. 00364 

“4.09 

43.000 

1.40903 

0.01496 

1.84 

9.900 

1.62055 

C .08  17? 

-4.41 

19.600 

1.59483 

0.033(8 

-4.00 

43.500 

1.401*1 

0.01549 

1.34 

to . 000 

1.620 37 

0.00173 

-4.41 

19.400 

1.59409 

0.(3373 

“4.07 

44.000 

1 . 30353 

0.0  1605 

1.65 

tu.?no 

1.62002 

0.00177 

-4,41 

20.000 

1. 59334 

0. 00378 

“4.C6 

44.500 

!.3«!3t 

0.016(4 

1.99 

10. U00 

1.61967 

0.08160 

-4.40 

20.580 

1.59142 

0 • CO  3 90 

“4.03 

45.000 

1.37100 

0.01777 

2.34 

18.600 

1 .619 JJ 

C. OC104 

-4.4C 

21.080 

1. 58944 

0. C040? 

“4.00 

45.500 

1.36000 

0.01753 

2.71 

1C . 800 

1.61893 

0 . 0  C  166 

-4. 3° 

21.530 

1.58739 

O.C0415 

-3.57 

46.000 

1.15005 

0.010(3 

3.11 

11.000 

I.M  r»56 

0.30191 

-4.  39 

22  .  080 

1.56529 

C  .  CO  4  2  6 

“3.93 

46.500 

I.34S45 

0.01937 

3,53 

11.700 

t. 61817 

0.0019'! 

-4,39 

22.500 

1.58*12 

0. 00441 

-3.50 

47.000 

1.33057 

0.02016 

3.97 

1 1 .  o  n 

1.61777 

b. 00  198 

-4.38 

23.000 

1.54088 

0.004*4 

-3.86 

47.500 

1.37020 

0.02101 

4.44 

U  .  6  0  C 

1.61737 

0 • 00  287 

-4,38 

23.510 

1.57057 

0. C046B 

-3.02 

46.000 

1.31050 

0.02191 

4,94 

11.800 

1 . tl6*6 

C.0C206 

-4.37 

24. 000 

1,57620 

0.00  48  2 

-3.70 

48.500 

1.307K 

0.07707 

5.48 

17. 000 

1.61655 

0.90  20*’ 

-4.  37 

24.500 

1.57175 

0 . 00496 

-3.73 

49.000 

1.70567 

0.07390 

6.05 

t ; . ?oo 

1 .6161 3 

0.0(23’ 

-4.36 

25.000 

1.57124 

0.CO6I1 

-3.69 

49.500 

1.70344 

0.0  750  1 

0  •  6  ( 

17. 900 
17.609 

1 . 61S70 

1 . 61 526 

0 • 0  C  21 7 
6.00221 

-4.36 
-4.  35 

24,500 

26,880 

1.56064 

1.56598 

0.00526 

0 . C0541 

-3.64 

-3.59 

SC. 000 

1.7706* 

0.(2671 

7,31 

*  In  thi*  ruble  more  decimt)  placee  are  reported  than  warranted  merely  for  the  purpose  of  tabular  emoothnet*  and  tuteraal  comparison. 
I  mi  m«\imn*fful  d<H:lmal  places  and  uncertainties  of  tabulated  values  tn  various  wavelength  rangea,  tee  the  text  af  subsection  S.  12. 
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WAVELENGTH 
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TABLE  52.  EXPERIMENTAL  DATA  ON  THE  REFRACTIVE  INDEX  OF  K1  (conlii»i«5) 


pi  o’  V  fl  H  O  H  J  J  W  fj  •<  «  V  W  #> 


iiiilliiiiiiliiii 

d  e  a  d  o  o  o  cl  •  c  •  0  o  • 


0. 81095  -3.9 

0.(4247  -3.1 

0.(1230  -3.5 

1.0UM  -4.5 
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3. 13.  Rubidium  Fluoride,  RbF 

The  refractive  index  of  RbF  is  available  only  for  a  single  spectral  line,  the 
sodium  D  line,  measured  by  Spangenberg  [45]  in  1923  using  the  immersion  method. 

One  of  the  reasons  for  the  scantiness  of  the  data  is  the  difficulty  in  crystal  growing. 

Though  little  attention  was  paid  to  the  refractive  index  measurement,  a  number  of  other 
physical  properties  of  RbF  were  investigated.  Values  of  a  few  of  them  are  given  in  Tables 
2  and  3.  Although  there  is  only  a  single  value  of  n  available,  a  dispersion  equation  can 
be  formed  by  correlating  the  dielectric  constants  and  the  wavelengths  of  absorption  peaks 
to  the  refractive  index  by  the  two-oscillator  model.  Using  the  values  of  known  parameters 
from  Table  3  and  the  available  value  of  n: 

es  =  6.48, 

<uv  =  1-93’ 

Xu  =  0. 124  Jim  (average  of  two  peaks) , 

Xj  =  63. 29  jjm, 

and  n  =  1.398  for  X  =  0.5893  fjm 

the  value  of  the  adjustable  parameter  A  of  Eq.  ( 13)  is  found  to  be  1.  395.  This  leads 
to  a  dispersion  equation  for  RbF  at  293  K  in  the  transparent  region  from  0. 15-25. 0  pm. 

n2  =  1.395  + — + - --5-5- — ,  (47) 

X2  -  (0. 124)2  X2  -  (63. 29) 2 

where  X  is  in  units  of  ftm . 

No  experimental  data  on  dn/dT  are  available.  Our  empirical  parameter  values 
in  Table  5  were  used  to  construct  a  dn/dT  formula  for  the  transparent  region: 


2n(FF  =  _8,25  'n2"1)  ‘  O-89  + 


1.581  X4 


227.50  X4 


(X2  -  0.01742)2  (X2  -  4005.62)2 


where  dn/dT  is  in  units  of  10-5  KM  and  X  in  fXL'. 

Equations  (47)  and  (48)  were  used  to  generate  the  recommended  values  of  refractive 
index  and  its  wavelength  and  temperature  derivatives.  In  the  table  of  recommended  values, 
more  decimal  places  than  needed  are  given,  for  tabular  smoothness  .md  internal  com¬ 
parison.  The  readers  are  advised  to  follow  the  criteria  given  below  in  order  to  find 
meaningful  values  from  the  table. 
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t 

l 
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For  refractive  index: 


Wavelength  Range 

Meaningful 

Estimated 

(fim) 

Decimal  Place 

Uncertainty, 

0.15-  0.21 

2 

0.02 

0.21-  0.30 

3 

0.008 

0.30-  0.40 

3 

0.006 

0.40-  1.50 

3 

0.005 

1.50-  8.00 

3 

0.006' 

8.  00-11.00 

3 

0.  008 

11.00-15.00 

3 

0.02 

15.00-25.00 

2 

0.03 

0.15-  1.00 

1 

0.  8 

1.00-10.00 

1 

0.6 

10.00-20.00 

1 

0.  8 

20.00-25.00 

0 

*1 

For  dn/dT: 
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TABLE  it.  RECOMMENDED  VALUE*  OH  THE  REFRACTIVE  INDEX  AND  ITS  WAVELENGTH  AND 
TEMPERATURE  DERIVATIVES  FOR  RbF  AT  2*3  K  * 


X 

** 

D 

-w<a 

i *»■* 

(WlJT 

ur*  K-1 

X 

D 

0.198 

1.75431 

11.91725 

3.68 

0.270 

1.43976 

0.15? 

1. 731.4 

12.09184 

2.6% 

0.272 

1.43885 

C.  15*. 

1.7AT72 

tS. *6924 

1.68 

0 .27% 

t. 63795 

0.156 

1.44767 

9.471(6 

1.6? 

8.276 

1.43736 

8.151 

1.6*471 

4.46764 

0*  5  C 

0.278 

1.43624 

0.160 

1.65365 

7.61443 

0.09 

0.280 

1.43542 

0 . 16? 

1.63417 

*.96129 

-0.25 

0.282 

1.43*6? 

8 .16*. 

1.6164! 

6.7*13* 

-0.53 

0.28b 

1.43385 

0.166 

1.61.11 

5.7027* 

-0 .76 

0.286 

1.43309 

0.  160 

1.6*374 

5.22276 

-9.95 

0.288 

1.43236 

0 .170 

1.54316 

4.79934 

-1.12 

0.290 

1.43164 

0.172 

1.56347 

4.42511 

*i*2fc 

0.292 

1.43095 

8.174 

l.!7545 

4.44243 

-t.  J0 

0.25b 

1.43027 

8.176 

1.5*757 

1.74511 

-1.4.9 

0.296 

1.42961 

0.170 

1.5*475 

3.522(9 

-1.58 

0.258 

1.42896 

O.lflO 

1.55144 

1.244(4 

-!•€( 

0  .300 

1.42833 

a.  is? 

1.54744 

1.47239 

-1.73 

0.305 

1.42683 

0.184 

1.54114 

2.47641 

-1.7° 

0.310 

1.42541 

0.106 

1.53957 

2.69747 

-1.05 

0.315 

1.42408 

8.108 

1.53414 

2.97464 

-1.9C 

0.320 

1.42. 

8. ISO 

1.57542 

2.14594 

-1.94. 

0.325 

1.42163 

1.19? 

1.57474 

2.2444* 

-1.99 

0.130 

1.42050 

8.194 

1.51641 

2.12443 

-2.02 

0.335 

1.41944 

0.196 

1.51278 

2.04  957 

-2.05 

0  •  3b0 

1.41843 

8.198 

1.54937 

1.9C2C1 

•2.08 

0  •  3b5 

1.41747 

0.200 

1.54467 

1.4C14* 

-2.11 

0.330 

1.41656 

8.20? 

1.54115 

1.71211 

-2.16 

0.355 

t. 41570 

8.204 

1.49741 

1.6(736 

-2.1C 

0.360 

1.41487 

1.206 

1.44464 

1.54952 

-2.18 

0.365 

1.41439 

0.208 

1.44167 

1.47544 

-2.2C 

0.370 

1.41334 

0.210 

1.49974 

1  .446  *6 

-2.22 

0.375 

1.41263 

8.21? 

1.49599 

1.14254 

-2.23 

0.381 

1 .m 1195 

0.214 

1.49116 

1.29263 

-2.25 

0.385 

1.41129 

0.21b 

1.44491 

1.22649 

-2.26 

0.390 

1.41067 

0.218 

1.47446 

1.17361 

-2.28 

0.399 

1.41007 

o.??o 

1.47616 

1.12433 

-2.29 

0  .b00 

1.40950 

0.22? 

1.47196 

1.47774 

-2.3C 

a  .bio 

1.40043 

0.224 

1.47194 

1.9 7 394 

-2.31 

0.420 

1.40744 

0.226 

1.4*497 

0.94762 

-2.32 

8. b30 

1.4085  3 

0.220 

1.46747 

0.95361 

-2.33 

O.bbO 

1.40566 

0.230 

1.46*44 

1.91*7* 

•2.3b 

O.bIC 

1.40*90 

0*232 

1. 4*470 

4.94191 

-2.35 

0.480 

1.40417 

0.234 

1.4*747 

t. 44492 

-2.35 

0.979 

1.40349 

1.236 

1. 4**41 

*.4176* 

-2.22 

I.UI 

1. 44289 

0.238 

1.4997* 

(.79481 

-2.37 

i.bll 

1.40226 

0.240 

1.457*5 

4.75997 

-2.37 

0.910 

1.40171 

0.242 

1.45*16 

C. 72214 

-2.38 

0.510 

1.48116 

0.244 

1.49477 

*.7*771 

-2.39 

0.520 

1.40070 

8.246 

1.45111 

*.*(199 

-2.  J9 

0.931 

1.40024 

9.268 

1.45199 

4.  *1152 

-2.  bC 

O.Sbt 

1.39980 

0.290 

1.454*9 

*•*3*90 

-7.41 

0.991 

1.39940 

0.292 

1.4494] 

1.6176* 

-2.bC 

0.900 

1.39901 

8.294 

1.44977 

4.91764 

-2.bl 

0.970 

1.39884 

0.296 

1.44744 

1.97462 

-2.bl 

0.981 

1.39830 

1.298 

1.44494 

4.46144 

•2 .92 

0.990 

1.39797 

1.260 

1.44411 

*.54216 

-2.  b2 

0.800 

1. 39766 

9.262 

1.44171 

*.92612 

*2.  *2 

0.620 

1.39709 

8.264 

1.44269 

«. 91137 

-  2.  b  1 

Q.9b« 

1.39657 

8.266 

1.441*9 

4. 44(14 

-7.43 

1.881 

1.394Q9 

0.268 

1.44*71 

1 .44*4* 

-l.bJ 

1.800 

1.39566 

-<WdX 

<M/<rr 

io-*  K-* 

X 

0 

-*/dX 

0a* 

<W<rr 
io-*  K-* 

C .46641 

-  2  •  M  4 

0.7CQ 

1.39527 

0.01889 

-2.51 

C. 45294 

-2.44 

C.  720 

1.39491 

0.01737 

-  2.  f  l 

C .44002 

-2.44 

c.740 

1.39497 

0.01601 

-2.51 

0.42760 

.  44 

C.760 

1.39427 

0.0148Q 

-2.51 

0.41587 

-2.44 

w.7  80 

1.39396 

0*81372 

-2.51 

0.40421 

-2.45 

0.600 

1.39272 

0.01275 

-2.51 

C. 39318 

-2.45 

0.020 

1.39347 

0.01186 

-2.51 

C. 20257 

-2.45 

0.040 

1.39324 

0.61110 

-2.51 

0.27235 

-2.45 

0.963 

1.J9282 

0.11338 

-2.51 

0.  3625? 

-2.45 

0.680 

1.39202 

0.0197b 

-2.51 

C. 35204 

-2.46 

0.900 

1.39263 

0.0091$ 

-2.51 

C. 34391 

-2.46 

0.920 

1.39266 

0.06662 

-2.51 

0.23510 

-2.46 

0.940 

1.39229 

0.06813 

-2.51 

0.22661 

-2.4€ 

0.960 

1.39213 

0.00769 

-2.51 

0.21641 

-2.46 

0.988 

1 ■ 39198 

0.03729 

-2.51 

0.21C50 

-2.46 

1.000 

1.39104 

0.00651 

-2  •  *  1 

0.  29M9 

-2.47 

1.050 

1.39152 

0.00611 

-2.51 

0.27479 

-2.47 

1.100 

1.39123 

0.06546 

-2.51 

0.25908 

-2.47 

1.150 

1.39097 

0.00492 

-2.51 

C.  24455 

-2.48 

1.2CC 

1.39C7S 

0.004<*l 

-2.51 

0.23115 

-2.40 

1.250 

1.39052 

0.08411 

-2.51 

f. 218  75 

-2.46 

1.300 

1.39032 

0.30361 

-2.51 

C.  20725 

-2.48 

1.350 

1.39014 

1.683*5 

-2.51 

0.19657 

-2.46 

1.430 

1.38997 

0.00334 

•2.51 

0.18664 

-2.49 

1.450 

1-36980 

0 . 0  C  3  2  6 

-2.51 

C.  17740 

-2.49 

1.500 

1.36965 

0.00301 

-2.51 

0.16677 

-2.49 

1.550 

1.36950 

0.08268 

-2.51 

C.  18C71 

-2.49 

1.600 

1.38936 

0.0027  ? 

-2.5  1 

C. 15318 

-2.49 

1.650 

1 • 38922 

0.00260 

-2.51 

0. 146  12 

-2.49 

1.700 

1.36909 

0.00261 

-2.5C 

0.13951 

-2.49 

1.750 

1.36896 

8.03255 

-2.50 

C.  13230 

-2.49 

1.8C3 

1.38664 

0.00  2*0 

-2.  * C 

0.12746 

-2.49 

1.150 

1.36471 

0.00246 

-2.50 

0.12197 

-2.50 

1.9C0 

1.36859 

0.00243 

-2.5C 

C.  11681 

-2.50 

1.950 

1. 38647 

0.00240 

-2.50 

0.11193 

-2.50 

2.000 

1.36835 

0.002  39 

-2.5C 

C.  1Q3C0 

-2.50 

2.050 

1.30823 

0.00237 

-2.50 

a.,C95  0i 

-2.5C 

2.100 

1.38011 

0.00237 

-2.50 

0. 18  786 

-2.50 

2.150 

1.38799 

0.082  36 

-2.50 

0.08142 

-2.50 

2.200 

1.38706 

0  .0  0237 

-2.5C 

0.07561 

-2.50 

2.258 

1.36776 

8.00237 

-2.5  0 

0.070)6 

-2.50 

2.308 

1.30764 

0.01236 

-  ?  •  5  f 

0.06560 

-2.90 

2.350 

1.36792 

0.00239 

-2.50 

0.06127 

-2.10 

2.400 

1.38780 

0.012*0 

-  2  •  SC 

0.05732 

-2.50 

2.450 

1.38726 

0.8024? 

-2.50 

C.  05271 

-2.51 

2.508 

t. 30716 

0.80243 

-2.5C 

0. 05041 

-2.51 

2.550 

1.36704 

8.61245 

-2.50 

0.04730 

-2.51 

2.600 

1.38691 

0.00246 

-2.49 

0.84459 

-2.51 

2.650 

1.38879 

0.80258 

-2.49 

C.  04203 

-2.51 

2.701 

1.38666 

0.10252 

-2.49 

0.03966 

-2.51 

2.750 

1.36694 

0.06255 

-2.49 

0.03748 

-2.51 

2.600 

1.38641 

0.68257 

-2.44 

0.03546 

-2 .91 

2.650 

1.38626 

0.06260 

-2.49 

0.03258 

-2.91 

2.900 

1.36619 

0.6626) 

-2.45 

0.03184 

-2.91 

2.998 

1.30682 

0.00266 

-2.49 

0. 03022 

-2.91 

3.000 

1.36566 

0.00269 

-2.49 

0.02731 

-2.51 

3.050 

1.31579 

0.00272 

-2.49 

0.02476 

•2.51 

3.108 

1.36561 

0.06X79 

-f.49 

0.02296 

-2.5t 

3.151 

t. 369*7 

0.60279 

-2.49 

0.02061 

-2.91 

3*288 

1.36533 

0.00202 

-2.40 
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TABLE  &5.  RECOMMENDED  VALUES  ON  THE  REFRACTIVE  INDEX  AND  ITS  WAVELENGTH  AND 
TEMPERATURE  DERIVATIVES  FOR  Rbl  (eooll».dJ* 


X 

yjtt 

D 

-dft/dX 

dn/dT 
10-*  K-* 

X 

jiin 

□ 

-dn/UA 

jjpn  -1 

dn/dT 
to-4  K-1 

X 

0° 

0 

-<W<U 

dn/dT 
10-*  ic-* 

3.240 

1.30519 

0.06205 

-2.68 

6.4C0 

1.37230 

C  .90? 4  3 

-2.35 

12.600 

1.31995 

0.01176 

-1.91 

*.  joo 

1.30533 

O.0C289 

-?.6fi 

6.5(0 

1.37175 

0.C0552 

-2.3S 

12.606 

1.31758 

0.01260 

-1.8  8 

3.350 

1 . 30690 

0.0029? 

-2.68 

6.600 

1.37119 

0.  CCS61 

-2. 3S 

13.000 

1.31515 

0.01224 

-1.66 

3.408 

1. 30675 

0.00296 

-2.68 

o.TCO 

1.37063 

0.  CC570 

-2.38 

13.200 

1.31268 

0.01269 

-1.63 

3.450 

1.30661 

0  •  01*  299 

-2.48 

6.000 

1.37005 

0.  Q0579 

-2 . 36 

13.400 

1.310lt 

0.01274 

-1.80 

*  .  5  CO 

1  .  30665 

0.00*03 

-2.68 

6.900 

1.36967 

0.  C0F  ?8 

-2.37 

13.600 

1.  30  756 

0.01299 

-1 . 77 

3.5^0 

1.30633 

C.0C  *C5 

-  ?  .  6  ft 

7.000 

l . 3b  8  8  ft 

0  .C0597 

-2.37 

13.000 

1.3049ft 

1.9 1 32  4 

-1.74 

3.600 

1 . 30615 

O.OC21Q 

-2.68 

7. ICO 

1.36027 

0 • COft  06 

“  2  •  3( 

16.000 

1.39229 

0.9 1 3  ft  0 

-1.71 

3.650 

1.30399 

0. 00316 

-2.68 

7.200 

1.3676ft 

0. COt 15 

-2.3£ 

14.200 

1. 2995ft 

0.01376 

-1.67 

3.700 

1 .30383 

0.00316 

-?.  60 

7.300 

1.36706 

0. 00ft  2ft 

-2.3ft 

14.400 

1.29(76 

0.0  16 C J 

-1.(4 

1.  740 

1 . 38367 

0.00*21 

-2.67 

7  •  4  C  0 

1.36t4i 

C . COt  34 

-2.3ft 

16.600 

1.29395 

0.01430 

-1.60 

3  .600 

1  .  30  351 

a. 00  *25 

-2.67 

7.500 

1.36578 

0  .  00  t  4  3 

-2.34 

14.000 

1.2916ft 

0 • 0 16  ft  7 

-1.57 

3.  656 

1.30335 

0.00*29 

-2.  67 

7.600 

1.365  1  3 

0. C0t52 

-2.34 

15.000 

1.26612 

0.01665 

-1.53 

3.900 

l.  30J1S 

0.00  333 

-2.67 

7.700 

1.36667 

0.00(62 

-2. 33 

15.2C0 

1.26512 

0.1151  3 

-1.49 

3 . 950 

1. 36  !07 

0.00  3*7 

-2.67 

7.800 

1.36380 

0  .  0*671 

-2.33 

15.400 

1.2626ft 

0.01542 

- 1  *  45 

1.000 

l .  36285 

0.00*61 

-2.67 

7.900 

1.36313 

0. COt  81 

-2.3? 

15.600 

1.27695 

0.01571 

-  1.41 

<•.06  0 

1. 36268 

0.00 *66 

-2.6? 

0.000 

1.36264 

0. CCt  50 

-2.32 

15. OCO 

1.27578 

0.0  &6C0 

-1.3ft 

6.100 

1 . 30250 

0.00  366 

-2.67 

0  .  ICO 

1.3617ft 

0 . (0  ft  99 

-2.  31 

16.000 

1.27255 

0 .116  J  0 

-1.3  2 

6  .  160 

1.  382JJ 

0.0(3!? 

-2.67 

8.200 

1.36104 

0 . 00709 

-2.31 

16.200 

1.2692ft 

0.91660 

-1.27 

6  .  ?00 

l. 38215 

0.0?  3!6 

-?.6( 

8.300 

1.36033 

0.00719 

-2.30 

16.40Q 

1.26591 

9.91691 

-1.22 

6.350 

t.  3.519? 

0.0C3fc0 

-2. 6ft 

8.6C0 

1.35961 

0.Q07?8 

-2.29 

16.600 

1.26256 

0.017?) 

-1.17 

6.300 

1. 36179 

0.003(6 

-2.6ft 

8.503 

1.35887 

0. 00738 

-2.29 

16.600 

1.2590? 

0.0  17  5  4, 

-1.12 

6.350 

l. 36161 

0.00*ft8 

-2.6ft 

■3.600 

1.3581  3 

0.03760 

-2.26 

17.000 

1.25540 

0.01767 

-1.0? 

6.600 

1.  38162 

1.00*72 

•2.6ft 

6.70  0 

1.357  1ft 

0. 90757 

-2.27 

17.200 

1.25167 

9.91620 

-1.92 

6.660 

1. 36126 

0.00  376 

- 2. 6( 

o.oia 

1 • 35  ft6? 

C. 20767 

-2.27 

17.600 

1.24629 

0.91653 

-0.56 

6.5C0 

1. 3010  5 

0.00310 

-2. 6ft 

8  .  9  P  0 

1.35564 

C. 00777 

-2.2ft 

17.600 

1.24446 

Q  91887 

-0 .90 

6  .550 

1 . 36085 

0.00305 

-  ?  •  6  ft 

9  .OCO 

1.3550ft 

C. 00787 

2.2* 

17.800 

1.24065 

0.9192? 

-0.84 

6 . 6C0 

1  .  360  ft  ft 

0.00319 

-2.  65 

9. ICO 

1. 35427 

0.00797 

-2.2ft 

18.000 

1.23677 

0.01957 

-0.  77 

6.b5| 

1. 38067 

0.00393 

-2.65 

9  •  ?«  0 

1.35347 

C.9C8Q7 

-2.26 

16.200 

1.23262 

0.01993 

-0.71 

6.  TOO 

1. 38027 

0.00397 

-2.  45 

9.310 

1  .  352b  ft 

0. 10817 

-2.2* 

16.60Q 

1.22960 

0. 92030 

-  0  .  t4 

6.750 

1  .  38  0  3  7 

0 .0C6C1 

-2.6e 

9.400 

1.35164 

C .00 *?7 

-2.2* 

16.600 

1.22470 

0.0  20  ft7 

-3.57 

6.600 

l . 37987 

0 .006(5 

-?.  65 

9.5C8 

1. 15  10C 

C. 00*37 

-2.2? 

18.800 

1.2205  3 

6.021C5 

-  0  .  5C 

6.050 

1  .  37  9fc  ft 

0.10669 

-2.6* 

9.611 

1.35916 

0.C0H67 

-2.21 

19.000 

1.21628 

0.02143 

-0.4? 

6. 900 

l  .  17  96ft 

0.00613 

-2.6* 

9.700 

1.34931 

0.00*57 

-2.20 

19.200 

1.2119ft 

9.02163 

-8  .  35 

6.950 

l  .  37925 

0.0C616 

-2.66 

9. SCO 

1 .34845 

0 . 00 “ ft  7 

-2.2C 

19.408 

1 .21755 

0.02223 

-0.27 

3.000 

1. 37936 

ft. 0062? 

64 

9.900 

1.3475ft 

0,  Cl  *T8 

-  ?  •  1  c 

19. 6CC 

1.  2030ft 

0 . 9  2  2  ft  4 

-Q.16 

5 . 100 

1 . 37861 

a .00  6  ?o 

-2,66 

10.000 

1.34669 

C.  0C  *88 

-2.10 

19. BOO 

1.19649 

0.0  23  0b 

-0.10 

3  .  200 

1 .  37  ftlfl 

0.006  *9 

-2.66 

10 .?C0 

1.  344  10 

C . 00* 09 

-2. 1ft 

20.000 

1. 19*94 

1.02*49 

-0.01 

3.300 

1.  17’7w 

0.00667 

-2.63 

10.600 

1. 3430ft 

0. 0Cf  *0 

-2.15 

2C. 509 

1.16192 

1.02459 

9.23 

3.601 

1 . 57729 

0.006  *6 

-2.63 

10.680 

1 .34118 

0.CC<.f  1 

-2.13 

21.009 

J. 16974 

0.025  7b 

0.45 

5.500 

t  .  J  7  t  a  3 

0.006ft  6 

-2.  6J 

1  O.OvI 

1  . 3  IS  ’ft 

0  .  0C  «-  7  2 

-2.11 

21.509 

1.15(05 

0.027C0 

0.7/ 

3 .6  01 

1  .  376  It 

0.00671 

-2.62 

11.000 

1.3372S 

0  .  00  '-S4 

-2.95 

22.000 

1.14223 

0.02631 

1  .98 

3.700 

1. 37588 

0  *0060? 

•2.62 

11.211 

1.33529 

0 . 01C 16 

-2.97 

22.509 

1.12773 

0.62970 

1.42 

3.000 

1.37339 

0.80690 

-2.62 

11.619 

1.33323 

0.01030 

-2.95 

23.000 

1.11252 

0.63117 

1.60 

3.900 

1.  37690 

0.00699 

-2.  61 

11.609 

1.33113 

0.  01060 

-2.93 

23.508 

1.09(54 

0*63275 

2.2  1 

6.  OCO 

t .  37  640 

0.3  05  0ft 

-2.61 

11  ,  8P? 

1.328^8 

C . 01 0  M 

-2.01 

26.000 

1.97974 

0 .0  3646 

2.6ft 

ft.  10< 

l .  37  508 

0.00516 

-2.61 

12.000 

1.32800 

9-01106 

-1.98 

24.500 

1.96266 

6.6  36  26 

3.16 

ft  .700 
ft.  J00 

1.37)16 

1.37203 

0 . UO  3  ?3 

0. 00?.'6 

-2.40 
-2.  6C 

12.210 

12.4(9 

1  .3246ft 

1  .  J  c  2  2  8 

0  .C112S 

0.  C 11 « 2 

-1.96 

-  1. 96 

25.000 

1.94347 

6.63621 

3.71 

•In  thi»  ubie  more  decimal  place.  ere  reported  then  warranted  merely  fro  the  purpose  of  tabular  emoothoese  sad  Internal  rompsneon. 
For  meamntful  der  inis!  pieces  tod  uncertalntlea  of  tabulated  values  In  rat  ions  snvelsngth  ruyss,  see  the  test  of  subsection  3. 13. 
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3. 14.  Rubidium  Chloride.  RbCl 

Rubidium  chloride  is  hygroscopic  and  must  be  carefully  handled  to  preserve  the 
surface  polish.  The  transmission  region  of  RbCl  is  approximately  from  0. 18  to  40  Jim. 

The  gradual  decrease  in  transmittance  at  shorter  wavelengths  is  due  to  surface  scatter¬ 
ing  that  is  caused  by  the  roughness  of  the  surface,  and  not  to  absorption  or  scattering 
within  the  material  itself  [10S] . 

The  available  data  on  the  refractive  index  of  RbCl  is  very  limited;  only  three 
reports  were  found.  Sprockhoff  [95] .  in  1904,  was  probably  the  first  to  measure  the 
refractive  index  of  RbCl  for  three  spectral  lines  (the  C,  D,  and  F  lines) ,  by  the  mini¬ 
mum  deviation  method.  These  three  values  remained  unchecked  until  Gyulai  [27] ,  in 
1927,  performed  experiments  for  an  extended  wavelength  region  from  0.19  to  0. 58  jun 
by  the  deviation  method  at  an  elevated  temperature,  321  K..  The  accuracy  of  his  mea¬ 
surements  is  one  unit  of  the  third  decimal  place,  but  the  reported  values  are  given  to 
the  fourth  place  for  tabular  smoothness.  The  refractive  index  for  sodium  D  line  was 
remeasured  using  the  immersion  method  at  room  temperature  by  Wulff  and  Heigl  [87] 
in  1928,  and  the  result  deviated  from  that  of  Sprockhoff  only  in  the  fourth  decimal  place. 

In  addition,  the  temperature  derivative,  dn/dT,  for  sodium  D  line  in  the  temperature 
range  from  296  to  298  K  was  determined,  and  a  value  of  -1. 0  x  lO^1  K"4  was  reported. 

This  value  is  obviously  Inaccurate. 

The  values  reported  by  Gyulai  [27]  were  adopted  in  the  present  work  to  generate 
reference  data  on  the  refractive  index  of  RbCl.  Since  the  data  was  obtained  at  a  temper¬ 
ature  of  321  K,  dn/dT  is  needed  to  reduce  this  set  of  data  to  293  K.  No  experimental 
data  on  dn/dT  are  available  to  carry  out  the  corrections,  but  our  empirical  findings 
permit  reasonable  estimation  of  dn/dT  for  a  wide  wavelength  range.  Using  the  predicted 
parameters  in  Table  5,  the  following  dn/dT  formula  was  constructed  for  RbCl: 

2n^*-10.80  (ns-l)  -  0.84+ - -°°- —  + - 186-32--^  -t  (49) 

(X*  -  0.02756) 1  (X1  -  7368.51)1 

where  dn/dT  is  in  units  of  10**  K"4  and  X  in  jjm.  This  equation  was  used  to  reduce  Gyulai* s 
data  to  293  K. 

Radhakrlshnan  [48]  worked  out  a  dispersion  formula  (shown  in  Table  62)  expressing 
the  refractive  indices  of  RbCl  in  terms  of  its  characteristic  absorption  peaks,  using  Gyulai* s 
data.  The  wavelengths  of  ultraviolet  absorption  peaks,  indicated  by  his  equation,  agree 
with  the  measured  values  listed  in  Table  3.  However,  no  information  concerning  the 
infrared  absorption  peak  and  dielectric  constants  was  given.  This  leads  to  large  uncertainties 


181 


7 


in  the  long  wavelength  region.  Since  the  wavelength  of  the  fundamental  infrared  absorption 
peak  and  the  dielectric  constants  for  high  and  low  frequencies  are  now  available  (see 
Table  3) ,  a  better  formula  of  the  Sellmeier  type  can  be  constructed,  and  the  extrapola¬ 
tion  into  the  infrared  can  be  carried  out  with  less  uncertainty.  By  using  the  known 
parameters  with  Eq.  (10) ,  the  least-squares  fitting  of  Gyulai's  data  (reduced  to  293  K) 
yielded  a  dispersion  equation  for  RbCl  at  293  K  in  the  transparent  region,  0. 18-40. 0  Jim. 


,  .  _  0.56600  X2  0.14493  X2  2. 74000  X2 

n2  =  1. 47558  + - + - + - , 

X2  -  (0. 138) 2  X2  -  (0. 166) 2  X2  -  ( 85. 84) 2 


(50) 


where  X  is  in  units  of  Jim. 

Equations  (49)  and  (50)  are  used  to  generate  the  reference  data  given  in  die  table 
of  recommended  values  on  refractive  index,  dn/dX  and  dn/dT.  In  this  table,  more  dec¬ 
imal  places  than  needed  are  given  for  the  purpose  of  tabular  smoothness.  In  order  to 
use  this  table  properly,  the  readers  should  follow  the  criteria  given  below. 

For  refractive  index: 


Wavelength  Range 

Meaningful 

Estimated 

(Jim) 

Decimal  Place 

Uncertainly,  ± 

0.18-  0.20 

2 

0.02 

0.20-  0.25 

3 

0.005 

0.25-  0.35 

3 

0.004 

0.35-  1.50 

3 

0.002 

1.50-10.00 

3 

0.004 

10. 00-21.00 

3 

0.008 

21.00-40.00 

2 

0.02 

For  dn/dT: 


0.18-  0.20 
0. 20-30. 00 
30.00-40.00 


0 

1 

0 


*1 

0.5 

*1 
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TABUS  M.  RBCOMMXNDKO  VALUKS  ON  TUB  JUE7RACT1VI  JMHDC  AND  IT*  WAVBUMOm  AM) 
TBMPtRATUIC  DERIVATIVES  FOR  MCI  AT  1U  K* 


X 

■ 

iWdT 

1*3  K-» 

X 

**» 

B 

-Rt/dX 

I** 

(W9T 

19-**-4 

X 

■ 

-+Mk 

^•4 

l.tu 

1.99399 

21.24917 

13.91 

9.399 

1.9*99* 

0.(1299 

-1.11 

1.090 

1.49199 

(.919(9 

•1.44 

1.1*2 

1.91193 

17.49*99 

19.91 

9.393 

1.94(92 

1.37209 

-1.93 

1.(90 

1.4111 ( 

9.11121 

•1.44 

MM 

1.99399 

1*. 929*9 

7.97 

1.311 

1.34*22 

9.3131* 

-1.1* 

1.100 

1.49273 

1.99111 

•1.1* 

Mil 

1.99997 

12.93794 

3.72 

0.319 

1*34163 

0.30192 

•1.19 

1.190 

1.49219 

9.9*71* 

•1.14 

1.93319 

11.91219 

4.19 

1.12* 

1.31920 

0.47001 

•!.*( 

1.201 

1.49292 

9.11*26 

•3.46 

1.191 

1.11291 

9.9171* 

2.13 

1.129 

1.33(91 

0.44270 

-l.Ot 

1.200 

1.49172 

9.1199* 

•3.14 

MM 

1.79999 

9.99339 

l.*( 

1.331 

1.33*77 

9.41(40 

-1.(7 

1.300 

l.*014( 

(.91*9* 

•1.4* 

I.1M 

1.77132 

7.999(3 

1.97 

9.139 

1.9327* 

0.3931* 

•1.0* 

1.300 

1.4*122 

0.(9444 

•1.1* 

0.191 

1.79379 

9.99*99 

l.*2 

1.3*1 

1.33003 

0.37129 

-1.00 

1.400 

1.4*111 

0. 0**17 

>1.4* 

1.191 

1.73093 

(.329*9 

•9.11 

0.3*9 

1.32903 

0.39100 

-1.99 

1.450 

1.409*2 

1. 99170 

•1.46 

o.zoo 

1.73932 

3.79114 

-9.9( 

0.331 

1.32732 

0.33239 

-1.04 

1.900 

1.49*9* 

0.11111 

•3.1* 

(.202 

1.72722 

1.323*9 

•*.93 

0  .399 

1.92970 

0.31309 

•1.40 

1.990 

1.4IC49 

(.1*112 

•3.1* 

MM 

1.71999 

4.913*7 

•1.(3 

0.3(1 

1.32*17 

0.29997 

-3.90 

1.600 

1.49*13 

*.*92*( 

-1.1* 

I.2M 

1.70793 

9.99291 

-1.32 

(.3(9 

1.3(271 

C.2I4C9 

•3.91 

1.690 

l.*H14 

*.*9267 

•1.4* 

Mil 

1.99979 

*.23191 

-1.7* 

9.170 

1.9(132 

0.(7009 

•3.91 

1.7(0 

1.4*991 

9.91244 

•1.1* 

1.211 

1.99999 

3.9*911 

-1.97 

9.379 

1.921.41 

0.29709 

•3.91 

1.730 

1.47494 

1.11211 

•3.1* 

1.212 

1.99299 

3.9(299 

•2.1! 

9.300 

1.31079 

0.2*441 

•1.91 

1.000 

1.47492 

0.99211 

•1.4* 

1.219 

1.17991 

3.49(29 

-2.31 

9.3*9 

1.31792 

0.2339* 

-1.92 

1.999 

1.47972 

9.992*9 

•1.9* 

1.219 

1.99911 

3.14(29 

•2.4* 

9.399 

1.91942 

0.1(290 

-3.92 

1.991 

1.47492 

1.91199 

-1.44 

1.211 

1.99211 

3.991*9 

-2.37 

1.199 

1.31913 

0.21241 

-3.92 

1.440 

1.47492 

1. 99199 

•3.9* 

1.221 

1.99911 

2.9*139 

•2.91 

(.*90 

1.31*29 

0.2039* 

-3.92 

2.909 

1.47441 

1.9117* 

•1.1* 

1.222 

1.99129 

2.72197 

-2.77 

9.419 

1.3123* 

1.10(4* 

-3.92 

2.999 

1.47919 

1.991(1 

•1.4* 

1.229 

1.99999 

2.97973 

-2.  9( 

I. *29 

1.31093 

1.17129 

•3.93 

2.119 

1.47929 

9.99162 

•1.43 

1.229 

1.99997 

2.4*111 

-2.3* 

1.411 

t. 9**91 

9.1377* 

•1.93 

2.199 

1.47111 

9.1*196 

-3.41 

1.221 

1.93921 

2.31(99 

•3.11 

1.4*1 

1.30739 

0.149(9 

•3.91 

2.211 

1.47411 

*.*91(1 

•1.13 

1.231 

1.93199 

2.2(19* 

-3.99 

(.499 

1.90999 

9.13*09 

-1.93 

2.(90 

1.47491 

9.99149 

-1.43 

1.232 

1.92799 

2.199*4 

-3.1* 

9.4(1 

1.30*99 

0.12993 

-1.93 

2.110 

1.47*99 

1.111*1 

-3.11 

1.239 

1.92331 

1.991*7 

•3.19 

1.471 

1.393*9 

0.11621 

-3.9* 

2.190 

1.479*4 

9.99117 

•3.11 

1.239 

1.91991 

1.99414 

•3.2* 

9.4*9 

1.91(3* 

1.191(2 

-3.9* 

2.491 

1.47*91 

l.lllll 

•3.13 

1.239 

1.91999 

1.919*2 

•3.29 

9.499 

1.99132 

0.19097 

•3.9* 

2.4(9 

1.47(71 

0.90191 

•3.43 

1.291 

1.91213 

1.73113 

•3.33 

l.lll 

1.3*13* 

0.99*36 

-3.9* 

2.901 

1.47171 

9.9*127 

-3.13 

1.292 

1.99173 

1.9(394 

•3.37 

1.911 

1.499*3 

0.0003* 

•3.9* 

2.999 

1.47191 

0.10129 

•3.41 

1.299 

1.99997 

1.992(4 

-3.40 

0.929 

1.49397 

0.1*203 

•1.9* 

2.999 

1.47997 

1.91121 

-1.43 

1.299 

1.99239 

1.92999 

-3.  *3 

9.939 

1.49777 

0.07770 

-1.4* 

(.991 

1.47991 

9.1*121 

-3.93 

1.291 

1.99937 

1. 4(4*9 

-S.*( 

9.9*9 

1.49792 

0.9731* 

-1.4* 

2.799 

1.47149 

9.99114 

•3.13 

1.299 

1.99991 

1,49(91 

•3.49 

(.999 

1.49911 

0.09007 

-1.4* 

2.741 

1.6791* 

0.99119 

•3.93 

9.292 

1.99379 

1.39992 

-3.32 

1.9*1 

2.49994 

1.16*93 

-3.4* 

2.0(9 

1.47933 

l.llll* 

-1.13 

9.299 

1.99119 

1.29*99 

-3.3* 

9.979 

1.49301 

0.19129 

-1.4* 

2.090 

1.479(7 

1. 99119 

-3.93 

1.299 

1.99999 

1.2*919 

•3.91 

l.fll 

1.494*1 

0.99791 

-3.44 

2.911 

1.47*22 

1. 11114 

-3.43 

9.299 

1.99999 

1.293*3 

•3.9* 

0.999 

1.49109 

9.99*01 

•3.4* 

2.490 

1.47*19 

9.9911* 

•1.91 

9.299 

1.99373 

1.199*7 

•3.91 

9.999 

1.49331 

0.99192 

-1.4* 

3.990 

1.47919 

(.99111 

•3.43 

9.292 

1.99199 

1.117(3 

•3.92 

9.911 

1.49(31 

9.04(73 

-1.94 

1.999 

1.479*9 

9.19112 

•3.43 

9.299 

1.97929 

1.97932 

•3.9* 

9.9*9 

1.49144 

9.1*221 

-1.4* 

3.119 

1.47741 

9.99112 

•3.93 

1.299 

1.97713 

1.1*111 

•3.(1 

9.911 

1.4999* 

0.930(9 

•1.9* 

1.199 

1 .477*4 

9.9*112 

•1.93 

9.299 

1.97919 

1.9(917 

•3.17 

9.919 

t.**991 

1.13*1* 

•3.(4 

3.219 

1.47711 

9.99111 

-3.43 

9.279 

1.97311 

9.971(7 

•3.91 

1.711 

1. *992* 

9.13179 

-3.9* 

3.299 

1.47792 

9.99111 

•3.43 

1.272 

1.97121 

1. 93991 

•3.(9 

1.721 

1.49993 

1. 12911 

•1.9* 

3.1(9 

1.47777 

0.9*111 

•3.43 

9.279 

1.99939 

9.99*29 

-3.71 

1.7*1 

1.49*07 

9.92(71 

•3.4* 

3.191 

1.47771 

1.99111 

-3.43 

9.279 

1.99797 

1.171(4 

•3.72 

9.799 

1.49799 

9.92*99 

•1.94 

3.49* 

1.47791 

9.99111 

•1.43 

9.271 

1.99119 

1.9919* 

•1.73 

1.711 

1.4*794 

9.922(1 

•3.9* 

1.499 

1.47791 

9.9*112 

•1.93 

1.291 

1.99911 

9.92*27 

•3.74 

9.911 

1.4*19* 

9.1(197 

•3.9* 

3.(19 

1.47799 

9.9*112 

•3.91 

9.292 

1.9929* 

9.79979 

•9.  79 

l.lll 

1.41(21 

1.1144* 

-3.9* 

1.999 

l.*774* 

9.99112 

•3.41 

9.219 

1.99997 

9.77437 

•3.7( 

1.1*1 

l.*9f 17 

9. (till 

•1.9* 

1.999 

1.47741 

9.99112 

•3.43 

9.299 

1.99999 

9.79193 

•1.79 

l.lll 

1.41991 

9.91(79 

•1.94 

3.999 

1.47711 

9.99111 

-1.41 

9.299 

1.99799 

1.721(9 

•3.77 

l.lll 

1.499 (I 

9.919(9 

•1.44 

1.799 

1.67712 

9.19111 

•1.92 

9.299 

1.99993 

9.79739 

•9.71 

9.991 

1 .*1491 

9.11*92 

•3.9* 

1.799 

1.47729 

9.99114 

•1.12 

9.292 

1.99913 

9.9*979 

•3.79 

1.911 

t.*9**t 

9.113*1 

•3.4* 

1,911 

1.47791 

9.99114 

-3.12 

9.299 

1.99171 

9.99719 

•3.79 

9.949 

t.***3! 

9.91292 

•1.9* 

1.999 

1.67719 

9.9111* 

•3.92 

9.291 

1.99291 

1.9*112 

•S.II 

1.9(1 

1.49*19 

I.I12II 

•1.4* 

1.491 

1.67794 

9.91119 

•3.42 

9.299 

1.99111 

9.93919 

•3.91 

9.991 

1.411*7 

9.11121 

•1.44 

3.499 

1.47791 

9.9111* 

•1.42 
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TABLE  M.  RECOMMENDED  VA LOW  OU  THE  RETRACTIVE  IHDKX  AMD  ITS  WAVELEWIti  AMD 
TEMPERATURE  DERIVATIVES  FCR-RbCl  AT  2W  K  HfMI* 


A 

d» 

St 

-m/A 

<W<JT 
l*-«  K"4 

X 

(*■ 

B 

-dt/dx 

I#®-4 

OaAfr 

X 

B 

& 

4.101 

1.476s* 

1.01117 

-3.32 

6.411 

1.46177 

0.0*211 

•1.66 

17.611 

1.4374* 

0.014  41 

•3.41 

A. ISO 

1.47662 

l.lltll 

•3.S2 

l.llt 

1.66351 

0.10721 

•3.01 

17.111 

1.43*47 

1.11113 

•3.40 

t.lll 

1.47616 

l.ltlll 

-3.32 

0.611 

1.46332 

0.01224 

•3.06 

11.101 

1.43545 

•  .•Mil 

-3.41 

4.150 

1.47611 

1.01115 

-3.32 

1.711 

1.46311 

0.00226 

-3.05 

16.311 

1.434*1 

1.1*517 

•3.43 

t.tll 

1.47674 

•  .Mill 

•3.32 

6. Ill 

1.46167 

1.(0223 

•1.05 

10.410 

1.43331 

l.llltl 

-1.42 

4. 211 

1.47661 

l.lltll 

-3.32 

1.311 

1.46164 

0.00232 

•3.65 

11.610 

1.43(33 

1.01*12 

•3.41 

4.  Ill 

1.47662 

l.lllfl 

-1.32 

3.111 

1  •*»b641 

0.11234 

-3.05 

10.100 

1.43121 

1. 11535 

•3.30 

4. SSI 

1.47631 

1.11122 

•3.32 

3.111 

1.46117 

0.11237 

-2.14 

tS.OM 

1.43117 

0.1*546 

-3.17 

4*.%D1 

1.476SI 

1.11123 

-3.32 

3.211 

1.46733 

0.(0240 

-2.14 

13.210 

1.42M7 

1.00554 

•3.31 

4.4SI 

1.47  644 

1. 11124 

•3.32 

3. Ml 

1.46763 

0.00241 

-1.04 

13.400 

1.42751 

I.00S61 

•3.33 

4. SOI 

1.47637 

1.10125 

-3.32 

?.*•! 

1.4674S 

0.01245 

-3.04 

13.600 

1.42I0E 

0.01564 

•3.31 

4. SSI 

1.47631 

1. 11126 

-3.32 

3.516 

1.46720 

0.  00266 

-3.13 

13.010 

1.42560 

1.10576 

-3.31 

4. Ill 

1.47123 

1. 11127 

-1.32 

3.601 

1.46(35 

0.00251 

•3.61 

21.000 

1.42452 

1.10504 

•3.2* 

4.ISI 

1.47611 

1.61126 

-3.32 

3.711 

1.46670 

0.10  253 

•3.11 

(0.501 

1.42151 

0.106*1 

•3.23 

4.  Ml 

1.47112 

1. tills 

-3.32 

3.111 

1.46(45 

0.10256 

•3.03 

21.101 

1.41141 

••10622 

•3.1* 

4. Ml 

1.476IS 

1.01110 

-3.32 

3.311 

1.46613 

0.00253 

-1.02 

21.110 

1.41112 

0.10*43 

•3.12 

4. Ill 

1.475SS 

l.lltll 

-3.51 

11. Ill 

1.46533 

0.00262 

•3.12 

22.111 

1.41211 

1.01464 

•3.00 

4. ISO 

1.47SS2 

l.llllt 

•3.31 

11. Ill 

1.46540 

0.0*267 

•3.02 

22.510 

I.4IMI 

1. 10605 

-3.11 

4. SSI 

1 .47361 

0.10133 

-1.31 

11.411 

1.46461 

1.01271 

-1.01 

23.106 

1.4HH 

1.11707 

•2.53 

4. SSI 

1 .4757  S 

1.10134 

-1.31 

11.611 

1.46431 

0.11276 

-3.11 

23.001 

1.41162 

0.10723 

-2.06 

S.lll 

1.47572 

0.00115 

-1.31 

11. Ill 

1.46375 

0.01264 

•3.00 

24.001 

1.337*2 

0.11751 

S.ltl 

1 .47553 

1.11127 

-3.31 

11. Ml 

1.41217 

0.00256 

-3.73 

24.511 

1.35411 

1.0*774 

-2.71 

1*211 

1.47*43 

I.II12S 

-J.31 

11.211 

1.46255 

0.01235 

-3.73 

25.101 

1.35617 

0.0*730 

-2.63 

S.SII 

1.47511 

1. M141 

-3.11 

11.411 

1.46133 

0.003*1 

-3.76 

21.501 

i.itnt 

6.01123 

-2.14 

S.4II 

1.47*17 

1.16144 

-1.31 

11.611 

1.46131 

1.113*7 

-1.70 

26.101 

1.3*154 

1.0*040 

-2.45 

S.SII 

1.47512 

1.11146 

-1.31 

11.011 

1.46176 

0.00313 

-1.77 

26.511 

1.37763 

1.1*074 

-2.35 

S.6II 

1.47412 

1.06141 

-3.31 

12.111 

1.46113 

0.0*311 

-1.76 

27.000 

1.37121 

0.503(1 

-2.24 

5.701 

1.47473 

I.0I1SI 

•3.31 

12.211 

1.41343 

0.11324 

-3.71 

27.501 

1.16063 

1.10320 

-2.13 

S.lll 

1.47437 

1. 11113 

-3.31 

12.411 

1.41*63 

0.CI33I 

-3.75 

26.000 

1.36252 

1. 11*10 

-2.11 

S.SII 

1.47442 

l.ltl!* 

-3.31 

12.611 

1.45817 

0.00336 

-3.74 

20.500 

1.35*17 

0.11365 

-1.10 

6.100 

1.47426 

1.11127 

-3.30 

12.111 

1.45743 

0.00342 

-3.71 

23.011 

1.35407 

0.01015 

-1.75 

6.111 

1.47411 

l.ltlll 

-3.31 

13.111 

1.45610 

0*60340 

-3.72 

23.510 

1.14031 

0.01046 

-l.il 

6.201 

1.473S4 

1. 11112 

•1.31 

13.211 

1.45610 

0.00354 

-3.72 

30.000 

1.34361 

4.01077 

-1.46 

6.310 

1.47371 

i.rnts 

-3.30 

13.411 

1.41531 

0.00  36* 

-3.71 

30.500 

1.33*14 

1.01110 

-1.30 

6.400 

1.47362 

1. 01127 

-3.6? 

11.611 

1.45466 

0.00306 

-3.70 

31.000 

1.33250 

1.01144 

-1.13 

6.S00 

1.47345 

0.11170 

-JiM 

13.011 

1.45  397 

1.10372 

-3.63 

31.100 

1.32671 

0.01179 

-I.3S 

4.611 

1.47326 

0.11172 

-J.03 

14.111 

1.45317 

0.1*370 

-3.66 

32.100 

1.32171 

6.01215 

-l.7t 

6.  Ill 

1.47311 

1. 10173 

-3.M 

14.216 

1.  W40 

1.00305 

-3.17 

32.500 

1.31454 

0.61263 

•1.5* 

4. Ill 

1 .47293 

1. 10177 

-3.15 

14.411 

1.45163 

0.00331 

•S.it 

13.010 

1.30016 

0.01252 

-1.35 

6.  SSI 

1.47275 

1.00160 

-3.13 

14.111 

ItotSOS* 

0.10337 

•1.65 

33.501 

1.3*102 

1.01132 

-1.12 

I. Ill 

1.47251 

1. 01112 

-1.63 

14.011 

1.45104 

0.(0401 

-3.64 

34.000 

1.23406 

0.61174 

1.12 

7.111 

1.47231 

I.II1IS 

•9*06 

IS. Ill 

1.44523 

0.10410 

•3.13 

34.100 

1.207*0 

0.01417 

1.30 

7.211 

1.47221 

1. 11167 

-o.se. 

IS. Ill 

1.4464* 

0.11416 

-3.02 

35.011 

1.20164 

1.014*2 

1.65 

7.311 

1.47211 

l.llltl 

-3.11 

13.411 

1.4475€ 

I.M4I2 

-3.61 

35.511 

1.27321 

1. 01914 

1.34 

7.411 

1.47112 

l.llllt 

•3.11 

IS. Ill 

1.44(71 

1.00423 

•3.11 

36.111 

1.76561 

0.01507 

1.(5 

7.SII 

1.47161 

6.11155 

•3.11 

IS. Ill 

1.44515 

0.00431 

•1.IS 

36.500 

1.25760 

l.lllll 

1.57 

7.611 

1.47141 

0.111*7 

•3.16 

16.111 

1.44437 

0.10442 

-3.11 

37.101 

1.24551 

1.11661 

1.42 

7.711 

1.47121 

1.06211 

-1.17 

16.211 

1.44401 

1.10443 

•3.17 

37.501 

1.24157 

1.11714 

2.23 

7. Ill 

1.47111 

1.61 113 

-J.07 

16.411 

1.44117 

1.10455 

•3.15 

30.111 

1.IM3I 

1.11774 

2.63 

7.  Ill 

1.47061 

O.IIIIB 

-3.17 

ll.ltl 

1.44221 

0.11462 

•3.54 

30.111 

1.22333 

1.11034 

1.11 

6.011 

1.47062 

l.lltll 

-J.I7 

16.111 

1.44112 

0.10465 

-3.13 

33.101 

1.214II 

1.11057 

3.50 

I. Ill 

1.47141 

l.lltll 

-1.17 

17.111 

1. 44131 

0.11476 

-3.lt 

13.011 

1.2*431 

1.11401 

4.04 

1.200 

1.47020 

1.11213 

•Stoll 

17.111 

1.42142 

1. 11412 

•3.11 

41.111 

1.15437 

1.12132 

4.06 

6.311 

1.443*1 

I.IC216 

-3.61 

17.411 

1.41141 

0.11463 

-3.43 

•to  (Me  tobto  nor*  dec  lad  ptoea  »r*  riportod  Una  nrrund  merely  lor  the  fryei  d  tahator  eamthtoMo  mM  htoni  ew|V<M. 
for  meeatoftoJ  OectenJ  (too**  ud  uneerl'iaioi  d  HMbM  rahne  to  vwtaaa  wtihRE  r**c**,  w*  to*  tod  d  nto— ottoi  S.  U. 
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TABLE  59.  SOURCE  AND  TECHNICAL  INFORMATION  ON  THE  REFRACTIVE  INDEX  AND  dn/dT  MEASUREMENTS  OF  RbCl 


I 


TABLE  62.  COMPARISON  OF  DISPERSION  EQUATIONS  PROPOSED  FOR  RbCl 


3.15.  Rubidium  Bromide,  RbBr 


Rubidium  bromide  is  hygroscopic  and  must  be  handled  with  great  care  to  protect 
the  surface  polish.  A  plate  of  moderate  thickness  with  properly  polished  surfaces  is 
transparent  from  0. 25  to  40  jjm.  Roughness  of  the  surfaces  causes  a  considerable  de¬ 
crease  in  transmittance.  It  is  found  that  the  gradual  decrease  in  transmittance  at  shorter 
wavelengths  is  caused  by  imperfection  of  the  surface  and  not  by  absorption  or  scattering 
within  the  material  itself  [105] . 

Only  two  sets  of  measurements  were  found  in  the  open  literature.  In  1904, 
Sprackhoff  [95]  measured  refractive  indices  of  RbBr  for  three  spectral  lines,  namely 
the  C,  O,  and  F  lines,  by  the  minimum  deviation  method.  Thirty  years  later,  Kublitzky 
[50]  used  the  same  technique  in  measurements  for  more  lines  in  a  region  from  0. 219 
to  0. 58  Jim  at  a  temperature  of  308  K.  The  accuracy  of  his  measurements  is  one  unit 
in  the  third  decimal  place,  but  his  reported  values  are  given  to  the  fourth  place  for  the 
purpose  of  tabular  smoothness.  Scantiness  of  available  data  leaves  us  no  choice  but  to 
use  Kublitzky' s  measurements  as  the  basis  for  generating  reference  data.  Information 
on  dn/dT  is  needed  to  reduce  Kublitzky' s  values  from  308  to  293  K,  but  it  is  not  available. 
This  is  not  a  problem,  because  we  have  found  empirical  parameters  which  are  used  to 
construct  dn/dT  formulas,  and  have  proved  to  give  correct  predictions,  as  is  discussed 
in  subsections  3. 11  and  3. 12.  Using  the  parameter  values  in  Table  5,  we  are  led  to  the 
following  equation  for  dn/dT  for  RbBr  at  293  K  in  the  transparent  region: 


2n£  =  -11.25  <n2-l)  -  0. 89  +  + 

Q1  (X2  -  0.03648)2  (X2  -  13062. 20) 2 


where  dn/dT  is  in  units  of  10"6  K-1  and  X  in  jjm.  This  equation  was  used  to  make  temper¬ 
ature  corrections  to  the  selected  data. 


Radhakrishnan  [48]  attempted  to  correlate  the  dispersion  and  absorption  bands 
by  means  of  a  dispersion  formula  and  obtained  an  equation  valid  at  308  K,  as  shown  in 
Table  66.  His  equation  yields  wavelengths  of  ultraviolet  absorption  peaks  which  agree 
closely  with  those  obtained  by  direct  measurements  (see  Table  3)  but  gives  no  informa¬ 
tion  concerning  the  infrared  absorption  peak.  As  a  consequence,  extrapolation  using 
this  equation  will  be  uncertain.  We  have  constructed  a  better  formula  of  the  Sellmeier 
type,  which  gives  the  refractive  index  at  wavelengths  beyond  Kublitzky' s  work  with  less 
uncertainty.  Using  the  Information  in  Tables  3  and  66,  the  input  parameters  for  the  least 
squares  fitting  were  obtained,  the  result  is  a  dispersion  equation  for  RbBr  at  293  K  in 
die  transparent  region: 
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j 


n1  =  1. 45031  +  °» 16301  +  0» 29841  X*  +  0. 17198  X* 

X*  -  (0.123)*  X*  -  (0.146)*  X*  -  (0.165)* 

(52) 

(  0.12186  X*  t  0. 13039  X*  |  2. 520  X* 

X*  -  (0.178)*  X*  -  (0.191)*  X*  -  (114.29)*  * 


where  X  is  in  units  of  pm. 

Equations  (51)  and  (52)  are  used  to  generate  the  recommended  values  of  refractive 


index,  dn/dX  and  dn/dT.  In  this  table,  more  decimal  places  than  needed  are  given  for 


the  purpose  of  tabular  smoothness.  In  order  to  obtain  meaningful  values  from  the  table, 
readers  are  advised  to  follow  the  criteria  given  below. 

For  refractive  index: 

Wavelength  Range 

Meaningful 

Estimated 

<** m) 

Decimal  Place 

Uncertainty,  ± 

0.21-  0.22 

2 

0.02 

0.22-  0.30 

3 

0.005 

0.30-  0.40 

3 

0.003 

0.40-  1.50 

3 

0.002 

1.50-15.00 

3 

0.004 

15.  00-30. 00 

3 

0.006 

30. 00-40.00 

3 

0.008 

40.00-50.00 

For  dn/dT: 

2 

0.02 

0.21-  0.22 
0. 22-40. 00 
40.00-50.00 


0 

1 

0 


^1 

0.5 

21 
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TABU  63.  RECOMMENDED  VAUJE9  OR  TME  REFRACTIVE  INDEX  AND  ITS  WAVELENOTH  AMD 
TEMPERATURE  DERIVATIVES  PGR  RbBr  AT  tU  K* 


X 

w* 

» 

-<WdX 

t**-1 

<WdT 

10*‘  K-* 

X 

• 

-iM/dX 

Cfe/dT 

10-*  E-* 

X 

|R» 

■ 

dm/fr 

i.ni 

1.3622* 

14.17331 

11.(1 

6.371 

1.59199 

6.39372 

*6 

1.756 

1.533*5 

(.1(2(9 

-4.44 

i.m 

1.333*6 

12.21393 

(.31 

(.366 

1.196(7 

(.3716* 

*6 

1.(66 

1.53231 

(.6(266 

-4.44 

*.*ii 

1.31232 

16.75761 

6.31 

6.3(5 

1.56(25 

6.35571 

*1 

1.(96 

1.93316 

(.6(2*9 

-4.44 

i.nt 

1.63261 

9.5*377 

1.71 

(.391 

1.56(52 
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3.16.  Rubidium  Iodide,  Rbl 

Rubidium  iodide  is  the  most  hygroscopic  of  the  rubidium  halides  and  care  must 
be  exercised  in  handling  it  to  preserve  the  surface  condition,  which  plays  an  important 
role  in  its  transparency.  A  plate  of  Rbl  a  few  mm  thick  with  well-polished  surface  is 
transparent  from  0.25  to  more  than  50  /An.  The  gradual  decrease  in  transmittance  at 
shorter  wavelengths  is  due  to  surface  scattering  that  is  caused  by  the  roughness  of  the 
surface  and  not  by  absorption  or  scattering  within  the  material  itself  [105] . 

As  with  the  other  rubidium  halides  there  are  few  data  available;  only  two  sets 
of  data  were  found  for  the  transparent  region,  those  of  Sprockhoff  [95]  (for  C,  D,  and 
F  lines)  and  Kublitzky  [50]  (for  the  region  0.25-0.  58  fjm) .  In  the  ultraviolet,  Baldini 
and  Rigaldi  [1061  investigated  a  narrow  spectral  region,  0.18  to  0.25  jjm,  deriving  the 
optical  constants  of  thin  films  of  Rbl  from  the  reflection  spectra.  The  wavelengths  of 
the  ultraviolet  absorption  peaks  derived  from  this  work  are  inconsistent  with  those  ob¬ 
served  for  the  bulk  material. 

Because  of  the  lack  of  data,  we  had  to  rely  on  Kublitzky’s  data  as  the  basis  for 
generating  the  reference  data.  The  accuracy  of  this  set  of  data  is  one  unit  in  the  third 
decimal  place,  but  the  reported  values  are  given  to  the  fourth  place.  However,  we  used 
the  reported  values  in  the  data  analysis.  Since  this  data  set  was  obtained  at  a  temper¬ 
ature  of  309  K,  the  temperature  coefficient  of  the  refractive  index  is  needed  to  reduce 
the  data  to  293  K.  Experimental  values  are  not  available.  In  the  present  work,  values 
of  dn/dT  can  be  estimated  for  a  wide  wavelength  range,  using  our  empirical  findings 
discussed  in  subsection  2. 2.  Using  the  parameters  values  from  Table  5,  a  dn/dT  for¬ 
mula  was  constructed  for  Rbl  in  the  transparent  region: 


2n^|  = -12.45  (n2-l)  -0.85  + 


2.686  X4 


169.92  X4 


(X2  -  0.04973)2  (X2  -  17543. 00)2 


(53; 


where  dn/dT  is  in  units  of  10”5  K"4  and  X  in  fjxn.  This  equation  was  used  to  reduce 
Kublitzky' s  data  to  293  K. 

Radhakrishnan  [48]  obtained  a  dispersion  formula  (shown  in  Table  70)  based  on 
Kublitzky' s  data.  This  formula  gives  the  wavelengths  of  three  ultraviolet  absorption 
peaks,  which  agree  with  those  studied  by  Hilsch  and  Pohl  [23]  and  Schneider  and  O'Bryan 
[24]  (see  Table  3) ,  but  it  gives  no  information  concerning  the  infrared  absorption  peak 
and  the  dielectric  constants.  Naturally,  extrapolated  values  for  the  long  wavelengths 
as  given  by  this  equation  have  large  uncertainties.  It  is  therefore  not  an  adequate  for¬ 
mula  for  a  wide  wavelength  range.  Using  the  information  in  Tables  3  and  70,  the  input 
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parameters  for  the  least-square  fitting  of  the  data  to  Eq.  (10)  were  obtained.  The 
calculation  yielded  a  dispersion  equation  for  Rbl  at  293  K  in  the  transparent  region,  0. 24 
to  64.0  jan. 


.  0.00947  X*  0.01073  X2  .  0.00136  X*  .  0.41864  X2 

D4  —  li  oUooo  4-  1  +  ‘  +  t 

X*  -  (0. 120)*  X2  -  (0. 134) 2  X2  -  (0. 156) 2  X2  -(0.179)2 

(54) 

0.41771  X2  <  0.13707  X2  |  2.36091  X2 

X2  -  (0. 187)2  X2  -  (0. 223) 2  X2  -  (132.45)2 ’ 


where  X  is  in  units  of  fgn. 

Equations  (53)  and  (54)  were  used  to  generate  the  recommended  values  of 
refractive  index,  dn/dX  and  dn/dT  for  Rbl.  Since  more  decimal  places  than  needed  are 
given  for  the  purpose  of  tabular  smoothness,  readers  are  advised  to  follow  the  criteria 
given  below  in  order  to  use  the  recommended  values  correctly. 


For  refractive  index: 

Wavelength  Range 

Meaningful 

Estimated 

(ym) 

Decimal  Place 

Uncertainty,  ± 

0.24-  0.25 

2 

0.02 

0.25-  0.30 

3 

0.004 

0.30-  0.40 

3 

0.003 

0.40-  1.50 

3 

0.002 

1.50-20.00 

3 

0.003 

20.00-30.00 

3 

0.006 

30.00-50.00 

3 

0.009 

50.00-64.00 

2 

0.02 

For  dn/dT: 

0.24-  0.27 

0 

21 

0.27-45.00 

1 

0.5 

45. 00-64. 00 

0 

21 

1 


TABU  <?.  RECOMMENDED  VALUES  ON  THE  REFRACTIVE  INDEX  AND  ITS  WAVELENOTH  AND 
TEMPERATURE  DERIVATIVES  FOR  Rt*  AT  293  K* 
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X 
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X 

a 

-<to/dX 

»»»■* 
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10-5  K-* 

i.m 

2. 195.3 

17.7212* 

22.69 

0.500 

1.(6102 

0.23302 

•1.61 

2.50* 

1.61616 

8.68162 

-§•61 

0.2.2 

2.12267 

15.1.153 

17.3! 

8.510 

1.(6877 

0.21(92 

-5. 61 

2.59* 

1.41.06 

0.0415. 

-5.61 

t.MH 

2.0994,1* 

11.1(729 

13.37 

0.520 

1.05166 

0.20233 

-0.(1 

2.688 

1.61396 

0.001.7 

-5.61 

2.06972 

11.  ,12*5 

11.36 

0.530 

1 .(5(7? 

8.18567 

-5.62 

>.658 

1.61361 

0.001.1 

-5.61 

I.M 

2.0.779 

10.1(036 

7.9( 

0.560 

1.(5669 

8.17(97 

-5.6? 

2.  708 

1.61366 

8.88136 

•5.61 

8.250 

2.02013 

9.331(3 

6.11 

0.550 

1  •  (5316 

0.16592 

-5.  €2 

2.  750 

1.(1376 

0.0*129 

-5.(1 

0.252 

2.0103! 

*..7172 

4,. 5? 

0.5(0 

1.15157 

0.15561 

-5.62 

2.608 

1.61271 

0.86126 

-5.61 

0.29k 

1.99.10 

7.7.277 

3.3? 

0.570 

1.(5806 

0.16(52 

-5.62 

2.850 

1.61165 

0.0*119 

-5.61 

1.296 

1.97931 

7.11712 

2.27 

0.500 

1.(6666 

6.13796 

-5.62 

2.908 

1.61356 

0.0*11. 

-5.61 

0.790 

1.9656* 

t.f 7..0 

t«*t 

8.598 

1.(6730 

0.13011 

-5.(2 

2.958 

1.61356 

0.66110 

-5.61 

0.260 

1.95297 

6.09929 

0.69 

0.600 

1 • (6(03 

0. 12266 

-5.62 

3.00* 

1.611.6 

0.0*107 

-5.(1 

8.262 

1.9.121 

5 .679(6 

0.02 

8.620 

1.1.371 

0.16569 

-5.(3 

3.850 

1.61363 

6.60183 

-5.61 

8.26li 

1.93822 

9.3071. 

-0.93 

0.663 

1.(6163 

0.89675 

-5.63 

3.188 

1.61336 

0.66100 

-5.61 

0.266 

1.91995 

.. 97370 

-1.81 

0.6(0 

1.139V  5 

0  .  6  6  5  C  9 

-5.63 

3.150 

1.61333 

0.00097 

-5.61 

0.760 

1.91030 

..67379 

-1.4,3 

0.660 

1.(3685 

0.C6C69 

-5.(3 

3.206 

1.61326 

0.08094, 

-5.(1 

0.770 

1.91123 

...0257 

-1.75 

0.700 

1. 13652 

0.07333 

-5.63 

3.250 

1.61326 

0.00091 

-§•(1 

0.27? 

1.0926* 

. .13(27 

-?.  11 

8.720 

1.(3912 

C .06665 

-5.(3 

3.300 

1.(1315 

0.000*9 

-5.61 

6.276 

1 . 884*59 

3.931(7 

-2..C 

0.7.0 

1.(3366 

0.06113 

-5.63 

3.350 

1.6121! 

0.00006 

•5«€i 

8.276 

1.87699 

3.726(7 

*2.  ,( 

0.7(0 

1.(3267 

0. C5( 06 

-5.63 

3  •  4,  CO 

1.61311 

0.00064, 

-5,(1 

0.770 

1.66968 

3.5372. 

-2.09 

8.730 

1.13159 

0.0(156 

-5.63 

3.4,50 

1.61206 

0.000  02 

-5.(1 

0.700 

1.06270 

1.3(326 

-3. ,9 

0.0(0 

1.(3060 

C .06760 

-5.63 

3.500 

1.(1202 

(i. 00000 

-5.(1 

0.26? 

1.05622 

3.2(230 

-1.20 

0.520 

1.(2969 

C. 06369 

-5.(2 

3.550 

1.61299 

0.80079 

-5.61 

0.266 

1.69996 

3.0! 337 

•1... 

0.0.0 

1. (2886 

0.060(3 

-5.6? 

3.6*0 

1.6129. 

0.00*77 

-5.61 

8.266 

1.6.399 

2.91526 

-3.99 

0.960 

1.(2606 

0. 03770 

-5.(2 

3.658 

1.61291 

(.00076 

-5.61 

0.200 

1.83029 

2.70(92 

-3.73 

0.660 

1.(2733 

0.C35C6 

-5.62 

3.200 

1.(1267 

0.0007. 

-5.(1 

0.290 

1.0320. 

2. 0(6. 3 

-1.06 

0.900 

1. (2(66 

0.032(6 

-5.62 

3.750 

1.(1263 

0.11073 

-5.61 

0.292 

1.02762 

2.93.19 

-3.97 

0.920 

1.(2603 

C . 6  JC*  9 

-5.(2 

3.000 

1.(110* 

0.0*072 

-5.60 

0,29. 

1.62262 

2. ..910 

-..  ,6 

0.9.0 

1.(25*. 

0.020.9 

-5.(2 

7.050 

1 .(127 ( 

0.00071 

•5.(0 

0.296 

1.01782 

2.19*93 

-..17 

0.9(0 

1.62*39 

0.0766  ) 

-5.(2 

3.90* 

1.(1273 

0.0*07* 

-5.60 

0.296 

1.01322 

2.29792 

-».  2  ( 

9.9(0 

1.62.37 

0.02*57 

-5.62 

3.950 

1.61261 

0  .000(9 

-5.60 

0.300 

1.0*079 

2.17*79 

-..3. 

1.000 

1.(2309 

0.027*. 

-5.62 

*.000 

1. 6126f 

0.00060 

-5.60 

0.309 

1.790k. 

1.97.09 

-*.57 

1.090 

1.(2180 

0.0201  3 

-5.62 

*.050 

1.61262 

0.00067 

-5.(0 

0.310 

1.7*900 

1.0(319 

-..(7 

1.100 

1.(2106 

0.01763 

-5.62 

4o.ll0 

1.61259 

0.00066 

-5.(0 

0.319 

1.70*37 

1.09310 

-..79 

1.150 

0.(2109 

0.01570 

-5.(2 

4*. 150 

1.61251 

0.000(5 

-5.(0 

0.320 

1.772k. 

1.92195 
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1.700 

1.(2036 

C. 01733 
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1.(1252 

0.000(9 
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0.10159 

-0.00 

1.970 

1. 77001 

1.292(0 
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0.00000 
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0..00 
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0.270(0 

-9.00 

2. .00 

I. (1*31 
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0..90 
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0.251*2 

•9.4* 

2. .90 

1.(1. 22 

0.0*171 

-5.61 
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1.6119* 
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•5.60 

TABLE  67.  RECOMMENDED  VALUES  ON  THE  REFRACTIVE  INDEX  AND  IT8  WAVELENGTH  AND 
TEMPERATURE  DERIVATIVES  FOR  Rbt  AT  MS  K  (ooatlauad)* 
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7.100 

1.6107! 

0.000(6 

-5. 55 

16.200 

1.(0193 

o.eiibi 

-5.56 

OC.566 

1.51620 

6.06032 

•4.32 

7.200 

1.610C9 

0.000(6 

-5.55 

16.400 

1.(6126 

6.10163 

-S.bl 

01.166 

1.03311 

6.16006 

•4.20 

7.300 

1.61061 

0.000(7 

-5.55 

16.600 

1.(0090 

6.66165 

-5.01 

01.561 

1.530(9 

6.66000 

-4.21 

7.400 

1.61096 

0.000(0 

-5.55 

16.000 

1.(6067 

0.66166 

-5.01 

02.666 

1.52*03 

6.06007 

-4.15 

7.5CC 

l.bloet 

0.300(0 

-5.55 

17.000 

1.(001? 

0.66166 

-5.0* 

02.511 

1.52(32 

0.66066 

-4.05 

7.600 

l.bloel 

0.600(9 

-5.55 

17.200 

1.(6607 

6.(0156 

-5.bl 

03.001 

1.92107 

6.60070 

-4.03 

7.700 

1.610S6 

0.00070 

-5.55 

17.400 

1.19977 

6.16192 

-5.00 

03.566 

1.52117 

6.66063 

-3.14 

7.800 

1.61027 

0.0(070 

-4.55 

17.600 

1.14967 

6.1(156 

•1.07 

00.(60 

1.51013 

0. 60003 

-3.01 

7.9C1 

1.61020 

0.0(071 

-5.55 

17.010 

1.14916 

(.11156 

-5.07 

00.5(1 

1.61605 

6.06562 

•3.02 

6.000 

1.61113 

0.00072 

-5.50 

10.000 

1. '9606 

6.(6191 

-5.07 

09.601 

1.51012 

0.00511 

-3.75 

8.103 

1.61601 

0.00072 

•5*50 

11.200 

1.99043 

0. (0160 

-i.bl 

05.016 

1.51110 

6.36521 

-3.00 

8.280 

1.60  949 

0.00073 

-5.50 

10.400 

1.99126 

c.tim 

-I.OC 

06.000 

1.002*1 

6.66521 

*3.00 

0 . 310 

1.60991 

0.00076 

-5.50 

11.600 

1.19700 

0 .66163 

-5.05 

06.5(0 

1.90(21 

6.66501 

*3.52 

8.400 

1. 6099b 

0.000  36 

-5.50 

10.900 

1.19795 

0.66165 

-1.05 

02.(00 

1.3*390 

6. 66551 

-3.44 

8.500 

1.60976 

0.00074 

-5.5A 

19.000 

1.99722 

0.6(107 

-5.05 

07.5(0 

1.90(72 

6.61501 

•3.35 

8.600 

1.60964 

0.00076 

-5.50 

19.200 

1.99606 

0.06169 

-5.00 

00.(08 

1.097*0 

0.0  0572 

•1.20 

8.700 

1 .66  9t»l 

0.00077 

-5.50 

19.400 

1.99196 

6.61171 

-1.00 

00.5(0 

1.040(1 

0.(0502 

*3.17 

6.000 

1 .60953 

0.00077 

-5*50 

19.600 

1.99626 

1.60171 

-5.01 

09. 0(0 

1.09207 

0.00503 

-3.07 

6.900 

l. 60996 

0.0(070 

-5.50 

19.000 

1.999*9 

0.66179 

•5.03 

04.5(0 

1.00007 

0.0060O 

-2.07 

9.000 

1.60930 

0.00074 

-5.50 

20.000 

1.99996 

6.60177 

•9.03 

06.600 

1.00(02 

1.0(616 

-2.04 

9.100 

1.6C910 

0.00000 

-5.58 

20.500 

1.19166 

6.61162 

-9.01 

9C.O00 

1.002*2 

0.06627 

•2.74 

9.200 

1.60922 

0.00000 

•5.58 

21.000 

1.94360 

(.6(117 

•9.09 

5<.((S 

1.07079 

6.0(010 

-2.04 

9. 300 

1.6091b 

0.00001 

-5.50 

21.500 

1.94273 

(.1(1(2 

-9.39 

51.000 

1.07(92 

0.(0692 

•2.53 

9.400 

1.60906 

0.00002 

-5.57 

22.000 

1.99176 

0.1(107 

-5.30 

57.(00 

1.07123 

1. 00660 

*2.41 

9.500 

1.60*97 

0.000*3 

-5.57 

22.510 

1.19676 

6.61202 

•9.16 

92.500 

1.06011 

6.00677 

•2.24 

9.600 

1.60  0*9 

0.00006 

-5.5’ 

23.000 

1.1697b 

0.0(107 

•9.39 

53.000 

1.06(07 

1.(0606 

•2.15 

9.7I0 

1.60001 

1.000*6 

-5.57 

23.510 

1.90*69 

0.16212 

-5.20 

53.0(0 

1.00210 

(.0(711 

*2.02 

9.000 

1.60072 

0.0(009 

-5.57 

24.000 

1.10762 

C . CO  21 0 

-5.12 

50.(00 

1.09900 

6.(671* 

*1.00 

9.900 

1  .60  06b 

0.00*06 

-5.57 

24.510 

1.90691 

6.(0213 

•5.31 

50.0(0 

1.09192 

(.0(710 

•1.73 

10. POO 

1.60  044 

0.00607 

-5.57 

25.000 

1.9*539 

0 .1*22* 

-5.24 

50.0(0 

1.09210 

0.00706 

-1.50 

10.200 

1.60  0  37 

0.00000 

-5.57 

29.500 

1.9*123 

8.60  23b 

-9.27 

95.0(0 

l.OOOII 

(.0(754 

-1.42 

10.400 

1.60020 

0.00090 

-5,57 

26.000 

1.101(9 

0.(6239 

-9.21 

50.(00 

1. 0**90 

0.0(770 

-1.24 

10.600 

1.60  001 

0.0(042 

-5.M 

26.500 

l.tOlOb 

e.602bf 

-9.20 

06.0(0 

!.**((* 

(.0(7*9 

•1.00 

10.000 

1.60703 

0.00041 

-5.5t 

27.000 

1.9(060 

0.60200 

-1.21 

07.(01 

1 .*9(00 

1.0(000 

*0.12 

11.000 

1.6076b 

0.01019 

-5.51 

27.500 

1.97933 

0.16100 

-9.21 

57.0(1 

1.01200 

(.00(20 

-0.7J 

11.200 

1.60769 

0.00017 

-5.lt 

20.000 

1.9716b 

e.iiioi 

-1.1* 

50.(01 

1 •*((** 

*.(((10 

-0.04 

11.400 

1.60  729 

0.(1490 

-5.f€ 

20.500 

1.57*72 

0.102(0 

-1  •  If 

00.9(1 

l.*2tf) 

t.ooau 

-0.30 

11.600 

1.60704 

(.0(1(0 

-5.50 

29.000 

1.97936 

6.11(23 

-5.10 

99.0(0 

i.*1091 

(.1(176 

-0.14 

11.000 

1.6*609 

0.(0102 

-5.55 

29.900 

1.97190 

0.16270 

-1.11 

94.000 

I.01I9I 

(.1*1(1 

0.07 

12.000 

1.00*09 

(.0(111 

-5.15 

30.000 

1.9725? 

0.1(200 

•1.(9 

00. 0(0 

1.01109 

(.((*(0 

0.21 

t  .200 

1.60066 

0.(0100 

-5.15 

30.500 

1.57111 

1. 0(2(1 

-0.(6 

00.000 

l.*00*7 

0.00(20 

0.90 

12.400 

1.61(71 

0.0(107 

-4.55 

31.000 

1.5*000 

2.612(0 

•9.(0 

01.000 

!.*(!(( 

0. 0(001 

0.74 

12.600 

1.606(1 

(.06114 

-5.04 

31.500 

1.9*015 

1.6(20* 

•0.(1 

01. 9(0 

1.1979* 

(.00*03 

1.41 

12.000 

1.60970 

6.0(110 

-5.04 

32.000 

1.90002 

1. 0(211 

•0.(0 

02.(00 

1.2921  7 

(.0(0*3 

1.27 

13.000 

1.60097 

0.(0112 

-5.14 

32.100 

1.900(5 

1.1(310 

-o.o* 

02.(00 

1.19721 

1.(1001 

1.04 

11.200 

1.6*916 

(.00116 

-5.54 

33.000 

I.IOlbf 

(.1(123 

•O.01 

02.(10 

1.J921* 

(.(1(20 

1.02 

13.400 

1.61911 

(.0(110 

-5.04 

13.101 

1.9*102 

I. Mill 

-».** 

03.910 

1.27(99 

(.11(00 

2.11 

13.600 

1.6(60* 

(.0(117 

-5.11 

14.000 

1.20(10 

(.20210 

-*.** 

00.000 

1. 17107 

(.010(0 

1.41 

13.000 

1.6(609 

(.0(114 

•5.11 

34.500 

1.29(06 

1.6(103 

•0.(1 

*  In  thu  table  nor*  daclmal  place*  are  raporMd  Utan  warrinled  merely  (or  tka  purpoa*  t<  tabular  amaatbaaaa  aad  Ubaraal  oiwnpartaoa. 
Fur  muanlnctul  decimal  placaa  and  urn  artalntlea  of  tabulated  value*  In  vartou*  wavataagth  raagaa,  aa*  tba  teat  of  aufiaartlnn  1.  IS. 
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WAVELENGTH ,  X ,fim  FIGURE  54 


SOURCE  AND  TECHNICAL  INFORMATION  ON  THE  REFRACTIVE  INDEX  AND  dn/dT  MEASUREMENTS  OF  RhI 


TABLE  70.  COMPARISON  OF  DISPERSION  EQUATIONS  PROPOSED  FOR  Rbl 
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3.17.  Cesium  Fluoride,  CsF 

The  refractive  index  of  CsF  for  a  single  spectral  line,  the  sodium  D  line,  was 
obtained  by  Spangenberg  [45]  using  the  immersion  method.  He  gave  two  values  for  n, 
one  for  oc-CsF,  and  the  other  for.  fi-Ca F.  The  fact  that  there  is  one  measured  value  of 
n  only  for  one  wavelength  does  not  prevent  us  from  making  a  reasonable  estimate  of  the 
refractive  indices  for  a  wide  transparent  region  because  there  exist  known  property 
parameters  intimately  related  to  the  refractive  index,  enabling  us  to  make  the  necessary 
calculations.  Using  the  values  from  Table  3  and  the  available  n: 

eg  =  8.08, 

<uv  =  2'16’ 

=  0. 121  pun  (averaged  value  of  3  peaks) , 

Xj  =  78.74  jim, 

and  n  =  1.478  (of  a-CsF) ,  for  X  =  0.5893  fim. 

the  adjustable  constant  A  of  Eq.  ( 13)  is  found  to  be  1. 60.  This  leads  to  a  dispersion 
equation  for  oe-CsF  at  293  K  in  the  transparent  region,  0. 15-30. 0  fjm. 


n2  =  1.60  +  _0i56^+__5^2XL_> 
X*  -  (0. 121) 2  X2-  (78.74)2 


(55) 


where  X  is  in  units  of  jjm. 

If  we  used  the  refractive  index  of  /3-CaF,  the  value  of  A  would  be  negative,  which 
is  not  an  acceptable  solution. 

No  experimental  data  on  dn/dT  are  available,  but  our  empirical  parameter  values 
in  Table  5  were  used  to  construct  a  dn/dT  formula  for  the  transparent  region: 


2n^  =  -9.60  (n2-l)  -  2.54  + 


1.42  X4 


296.00  X4 


(X2  -  0.01850) 2  (X2  -  6199. 99) 2 


where  dn/dT  is  in  units  of  10“®  K-1  and  X  in  pun. 


(56) 


Equations  (55)  and  (56)  were  used  to  generate  the  recommended  values  of  the 
refractive  index,  dn/dX  and  dn/dT  for  CsF.  As  noted,  these  equations  are  based  totally 
on  the  available  data  on  the  thermal  linear  expansion,  dielectric  constants,  the  wavelengths 
of  absorption  peaks,  and  our  empirical  parameters.  As  a  consequence,  the  accuracies 
of  the  estimated  values  are  governed  by  the  uncertainties  in  the  above  mentioned  para¬ 
meters.  The  following  criteria  are  recommended. 
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For  refractive  index: 

Wavelength  Range 

Meaningful 

Estimated 

(pa) 

Decimal  Place 

Uncertainty,  ± 

0.15-  0.19 

2 

0.02 

0.19-  0.30 

3 

0.008 

0.30-  1.50 

3 

0.003 

1.  50-10. 00 

3 

0.006 

10.00-16.00 

3 

0.008 

16.00-30.00 

2 

0.03 

For  dn/dT: 

0.15-  0.16 

0 

*1 

0.16-22.00 

1 

0.5 

22.00-30.00 

0 

*1 

I 


TABU  71.  RECOMMENDED  VALUES  ON  THE  REFRACTIVE  INDEX  AND  ITS  WAVELENGTH  i 
TEMPERATURE  DERIVATIVES  FOR  CbT  AT  MS  K* 


(WdT 

i*3*-4 


-<W<u  */«r 

^l-4  !»-*  K-* 


(.179 

1.7*77* 

11.12(82 

l.lft 

1. 7***4 

*.*171* 

1.1*4 

1.77*27 

(.7(7(2 

l.lll 

1 .773(7 

7.9471* 

(.179 

1.71(7* 

7.97277 

I.1M 

1.799  J2 

(.4(92* 

9.1*2 

1**7119 

7.82717 

MM 

1.9*17* 

7.12111 

(.US 

1.47177 

4.991(1 

f  .It* 

1.M241 

4.4919* 

I.1TI 

1.(7178 

4.14917 

1.  Ill 

l.*47«t 

1. *174* 

1.17* 

1 • *3*48 

1.7(29* 

1.17* 

1.(3173 

1.31477 

1.17* 

1.(2713 

3.911*1 

1.1*1 

1 .*1719 

2.87(17 

(.1*1 

1.(117* 

2.7(717 

8.114 

l.***ll 

2.94(97 

«.!*• 

1.4*111 

2.3(994 

I.ltt 

1.97(77 

2.24773 

1.17* 

1.9743* 

2.12179 

8. 177 

1.97*27 

2.(9491 

8.174 

1.79*37 

1.97*3* 

8.17* 

1.7*2** 

1.77(47 

8.17* 

1.7771* 

1.7(19* 

8.288 

1.777*4 

1 .*1(27 

8.1*7 

1.772*7 

1.73(91 

f.7F4 

1.7*7** 

1.4*49* 

t.t*t 

1.7*** 2 

1.17144 

8.21* 

1.7*419 

1.31(77 

8.21* 

1.7*199 

1.27(79 

8.212 

1.77  791 

1.21429 

8.214 

1.979*4 

1.1*117 

9  •  71* 

1 .99437 

1.11174 

8.21* 

1.97217 

1.39(9* 

8.22* 

1.77*1* 

1.(1117 

9.272 

1.74*1* 

(.77721 

9.224 

1.74*18 

*.74(99 

9.22* 

1.74414 

(.*•377 

9.229 

1.74297 

1.8*91* 

9.231 

1.749*9 

*.*1(24 

1.232 

1.71722 

*.***** 

9.234 

1.937*4 

9.77911 

9.23* 

1.71*12 

(.7*749 

9.239 

1.734(7 

(.7(1(7 

9.249 

1.71121 

(.*799* 

9.242 

1.711(7 

(.*7111 

9.244 

1.73977 

(.*4(99 

9.24* 

1.92727 

*.*M(9 

9.24* 

1.72994 

(.Mill 

9.279 

1.72*94 

(.71(21 

9.272 

1.729*7 

9.(9729 

7.274 

1.72497 

(.747(7 

9.27* 

1.72147 

(.71(11 

9.27* 

1.72249 

9.(t(IS 

9.2*7 

1.72141 

(.47774 

9.2*2 

1.72*49 

(.4(4(2 

9.274 

1.91747 

(.47(14 

7.27* 

1.91997 

9.4NN 

7.2*7 

1.917*7 

(.4*27* 

(.279 

1.11174 

8.43817 

(.272 

1. 11148 

8.41791 

(.274 

1.(1712 

8.47*11 

8.27* 

1.I14J2 

(.374(2 

8.279 

1.(1374 

1.1(374 

(.299 

1.11279 

1. 17348 

(.2(2 

1.11287 

(.3(341 

(.2(4 

1.11113 

(.19371 

(.29* 

1.919(1 

9.34411 

1.2(9 

1.1(797 

(.33937 

(.278 

1.9(927 

1.12(72 

9.(72 

1. 18**9 

(.31*3* 

9.(74 

1.98(82 

(.318(7 

(.278 

1.98749 

(.17(71 

(.279 

1.99*91 

(.279(9 

(.3(9 

1.99*22 

(.2(774 

(.3(9 

1.9(411 

9 • (7(«« 

(.119 

1.193(7 

8.2749* 

(.319 

1.19229 

8.24*47 

(.311 

1.1(111 

(.22714 

(.129 

1.99(99 

8.214*9 

(.339 

1.4787* 

1.2(317 

9.117 

1.47777 

(.1727* 

9.149 

1.47783 

(.19271 

(.349 

1.47(14 

1.17374 

(.379 

1.47727 

9.1(917 

(.3(9 

1.47449 

8.1(721 

(.399 

1.47372 

(.14777 

(.3(7 

1.47277 

9.14279 

(.179 

1.47(27 

(.13(24 

(.379 

1.471*2 

(.11811 

(.3(9 

1.47*77 

8.1(437 

(.3(9 

lv47(39 

8.11(74 

(.379 

1.48789 

(.113(4 

(.177 

1.4(724 

(.18794 

(.4(9 

1.4(971 

(.1*472 

(.419 

1.4(771 

8.97*21 

(.4(1 

1.49*78 

(.9*877 

9.419 

1.4(773 

9.(7212 

(.44* 

1.4(914 

(.17*11 

9.4(( 

1.4(44* 

7.87972 

(.4(9 

1.4(372 

(.997(2 

(.479 

1.491(9 

9. 1*119 

9.41* 

1.4(249 

9.(7733 

(.479 

1.49174 

(.993*7 

9. 9(9 

1.4(142 

(.(*728 

(.719 

1.4(973 

9.94717 

(.7(9 

1.4(947 

9.(443* 

9.139 

1.499(4 

(.14177 

9.(49 

1.477*4 

9.(193* 

(.7(9 

1.47721 

9.(1714 

9.(91 

1.47187 

7.11(17 

9.(7* 

1.47(77 

(.931(7 

(.((( 

1.47(23 

9.(3147 

(.((( 

1.47772 

(.727*2 

(.»(( 

1.477*3 

l.t((!( 

Mil 

1.47789 

9.(2977 

(.(*( 

1.47(91 

9.(2119 

(.Ml 

1.47*19 

(.92111 

(.**( 

1.47(79 

9.(172* 

8.7(9 

1.47117 

8.(1787 

(.729 

1.477*7 

*.91*24 

8.749 

1.47474 

9.8147k 

(.7*9 

1.47448 

(.913*3 

8.7(9 

1.47417 

*. 912*1 

8.(88 

1.47  374 

(.91179 

8. *28 

1.47171 

(.*11** 

9. *49 

1.472** 

(.91*33 

C.**t 

1.4733* 

(.*(*»* 

9. *97 

1.47311 

(.(*78* 

(.78* 

1.472*3 

(.*•*79 

(.729 

1.47277 

(.((•(( 

(.749 

1.472*1 

0.9(714 

8.7*9 

1.472*7 

(.9*712 

9. *99 

1.47231 

(.99*74 

1.(81 

1.47229 

*.(*»3* 

1.(9* 

1.471*9 

*.(•7*2 

1.189 

1.471*1 

(.(((89 

1.178 

1.4714* 

(.((447 

1.299 

1.4711* 

(.9(4(7 

1.278 

1.47977 

(.9(372 

1.3(9 

1.47(91 

(.9(341 

1.179 

1.479*4 

*.«(31* 

1.4(9 

1.47(47 

9.(9277 

1.479 

1.47(18 

(•((28( 

1.7(9 

1.47(21 

(.8(289 

1.779 

1.47(98 

(.9(272 

!.»(( 

1.4*77* 

(.(•242 

l.»(( 

1.4*794 

(.99231 

1.7*9 

1.4*972 

(.*•727 

1.777 

1. 4*7*1 

(.(*217 

1.(99 

1.4*771 

9.(9214 

1.(9* 

1.4*749 

9. 9(2(7 

1.779 

1.46919 

(.9(28* 

1.771 

1.4*717 

8.(8281 

2.7(7 

1.4*997 

9.(8289 
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3. 18.  Cesium  Chloride,  CsCl 

Cesium  chloride  is  very  hygroscopic  and  highly  soluble  in  water.  It  is,  therefore, 
an  unsatisfactory  material  for  making  optical  parts,  despite  its  optical  transparency  over 
a  fairly  wide  wavelength  region.  While  CsCl  is  not  suitable  for  ordinary  applications, 
it  is  an  interesting  object  for  scientific  studies.  The  wavelengths  of  absorption  bands 
in  the  ultraviolet  region  have  been  measured  by  Hilsch  and  Pohl  [23]  and  by  Schneider 
and  O'Bryan  [24] .  Lowndes  and  Martin  [13]  measured  the  infrared  absorption  band  and 
the  dielectric  constant.  In  Table  3,  the  results  of  the  above  work  are  listed. 

Because  it  is  an  unfavorable  material  for  optical  use,  there  have  been  few 
measurements  of  the  refractive  index.  For  the  transparent  region,  only  four  data  sets 
covering  a  limited  wavelength  range  were  found  in  the  literature.  Upon  careful  exam¬ 
ination,  one  finds  that  the  works  of  Wulff,  etal.  (the  first  three  listed  in  Table  75)  pro¬ 
duced  reliable  results  which  can  be  used  as  the  basis  for  the  reference  data  generation. 
Results  reported  by  Sprockhoff  appear  to  be  unreliable,  as  the  given  values  seem  too 
high  for  the  assumed  temperature.  The  large  discrepancies  may  be  attributed  either 
to  the  measurements  being  made  at  a  lower  temperature  than  was  reported,  or  to  the 
measurements  being  made  on  impure  specimens.  In  the  infrared  region,  Vergnat, 
et  al.  [26]  obtained  refractive  indices  for  powdered  CsCl  by  analyzing  the  reflection 
spectrum.  This  set  of  data  is  presented  here  for  completeness,  but  it  was  not  used  for 
data  analysis. 

Data  reported  by  Wulff,  et  al.  were  obtained  at  a  temperature  of  298  K,  five 
degrees  higher  than  our  chosen  reference  temperature.  Since  the  value  of  dn/dT  of  CsCl 
is  about  6.0  x  10"5  K""1  in  the  visible  region  [18]  ,  a  temperature  correction  of  about  3 
units  in  the  fourth  decimal  place  needs  to  be  made. 

Although  there  is  not  a  single  experimental  value  of  dn/dT  available  in  the 
literature,  we  can  make  reasonable  estimates  of  dn/dT  over  a  wide  wavelength  range, 
using  our  empirical  discoveries.  Using  the  parameter  values  in  Table  5,  the  following 
dn/dT  formula  was  constructed  for  CsCl: 


2n  =  -13.89  (n2-l)  -  4.27  + 


1.989  X4 


276.48  X4 


(X2  -  0.02624)2  (X2  -  10100. 25)2 


where  dn/dT  is  in  units  of  10"5  K-4  and  X  in  fan.  Equation  (57)  was  used  to  calculate 
dn/dT  values  for  reducing  Wulff  s  data  to  293  K. 
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With  the  information  available  from  Table  3,  a  least  -squares  fitting  of  the  reduced 
data  to  Eq.  (10)  was  carried  out.  It  resulted  in  a  dispersion  equation  for  CsCl  at  293  K 
in  the  transparent  region,  0. 18-40. 0  jjm. 


.  0.98369  X2  .  0.00009  X2  .  0.00018  X2 

n*  =  1.  33013  + -  -I - 4- - 

X2  -  (0.  119)2  X2  -  (0.137)2  X2  -  (0.  145)2 

|  0.30914  X2  |  4.320  X2 

X2  -  (0.  162)2  X2  -  (100.50)2  ’ 


(58) 


where  X  is  in  units  of  fjm. 

In  practical  use,  the  contributions  of  the  third  and  fourth  term  are  small  and  can 
be  neglected;  they  are  given  here  for  completeness.  Equations  (57)  and  (58)  were  used 
to  generate  recommended  values  of  refractive  index,  dn/dX  and  dn/dT.  In  the  tables, 
the  property  values  are  given  to  more  decimal  places  than  needed,  for  tabular  smooth¬ 
ness.  In  order  to  use  the  recommended  values  correctly,  readers  should  follow  the 
criteria  given  below. 

For  refractive  index: 


Wavelength  Range 

Meaningful 

Estimated 

(tun) 

Decimal  Place 

Uncertainty,  ± 

0.18-  0.20 

2 

0.01 

0.20-  0.30 

3 

0.005 

0.30-  0.40 

3 

0.003 

0.40-  1.50 

3 

0.001 

1.50-20.00 

3 

0.003 

20.00-30.00 

3 

0.006 

30.00-40.00 

3 

0.008 

For  dn/dT: 


0.18-  0.19 
0.19-30.00 
30.00-40.00 


0 

1 

1 


2=1 

0.4 

0.9 


- 
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TABLE  74.  RECOMMENDED  VALUES  ON  THE  REFRACTIVE  INDEX  AND  ITS  WAVELENGTH  AND 
TEMPERATURE  DERIVATIVES  FOR  CnCl  AT  2S3  K* 
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3. 19.  Cesium  Bromide,  CsBr 

Early  measurements  of  the  refractive  index  of  CsBr  were  made  by  Sprockhoff  [95] 
in  1904.  He  used  the  minimum  deviation  method  to  determine  the  refractive  indices  for 
three  visible  spectral  lines,  0.486,  0.589,  and  0.656  p m.  Although  his  values  were 
presented  to  4  decimal  places,  the  temperatures  at  which  the  data  were  obtained  were 
not  specified;  the  significance  of  the  data  is  thus  uncertain. 

In  the  following  50  years,  no  other  measurement  of  the  refractive  index  of  CsBr 
was  reported.  The  main  reasons  for  this  long  blank  period  were  the  difficulties  in  crys¬ 
tal  growing.  Large  crystals  suitable  for  optical  components  were  not  available.  It  was 
not  until  1953  that  large  crystals  of  CsBr  of  reasonably  good  optical  quality  were  success¬ 
fully  grown,  providing  a  new  material  for  infrared  studies  in  the  range  beyond  the  25  jim 
limit  of  KBr,  out  to  about  40  fjm.  A  mixed  crystal  of  thallium  bromide- iodide,  known 
as  KRS-5,  was  previously  the  only  material  available  for  use  in  this  region. 

The  dispersion  of  CsBr  compares  favorably  with  that  of  KRS-5  beyond  20  microns, 
and  when  the  effects  of  inhomogeneity  and  reflection  losses  are  considered  the  resolving 
power  of  a  CsBr  prism  is  much  better. 

The  refractive  index  in  the  transparent  region  of  CsBr  was  extensively  and  precisely 
measured  by  Rodney  and  Spindler  (107, 108}  in  1952  and  1953.  The  minimum  deviation 
method  was  used  for  a  wide  wavelength  range  from  0.  365  to  39.22  jjm.  Rodney  and  Spindler 
(107]  worked  out  a  dispersion  equation  of  CsBr  as  shown  in  Table  82.  They  pointed  out 
that  five  of  the  seven  constants  in  that  equation  were  determined  by  means  of  a  simultan¬ 
eous  solution.  The  constants  appearing  in  the  denominators  of  two  terms  represent  the 
infrared  and  ultraviolet  absorption  bands.  The  ultraviolet  term  was  determined  by  taking 
a  weighted  mean  of  several  measured  bands.  The  infrared  term  is  an  estimate  based 
on  information  on  CsCl,  and  is  probably  too  low. 

Refractive  indices  of  CsBr  in  the  infrared  absorption  region,  30-275  urn.  were 
derived  by  Geick  (1091  in  1961,  based  on  the  analysis  of  transmission  and  nearly-normal 
reflection  spectra.  He  concluded  that  an  absorption  peak  was  located  at  136.7  jjm.  The 
infrared  region  up  to  200  ym  was  reinvestigated  by  Vergnat,  et  al.  ( 261  in  1969.  The 
Lorentz  damped-oscillator  model  was  used  to  analyze  the  normal  reflection  spectra. 

Two  absorption  peaks  were  found  at  97.09  and  133.33  pn,  with  the  one  of  longer  wave¬ 
length  predominating.  These  results  indicated  that  the  wavelength  in  the  infrared  term 
used  by  Rodney  and  Spindler  was  low. 

In  the  millimeter-wavelength  region,  the  refractive  index  at  2000  fgn  was  determined 
by  Dianov  and  Irisova  [47]  in  1967.  The  result,  =  6.55  at  room  temperature,  agrees 
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closely  with  the  value  of  static  dielectric  constant  given  by  Vergnat,  et  al.  [26] .  This 
completes  the  record  of  activities  in  determining  the  refractive  index  of  CsBr. 

In  view  of  the  available  information  discussed  above,  we  used  the  two  data  sets 
by  Rodney  and  Spindler  [107,108]  as  the  basis  for  generation  of  recommended  values. 
Since  the  data  sets  were  reported  at  temperatures  of  300  and  297  K  respectively,  tem¬ 
perature  corrections  were  needed  to  reduce  the  selected  data  to  293  K.  However,  there 
was  little  data  on  which  to  base  such  corrections.  Rodney  and  Spindler  [107]  reported 
an  averaged  dn/dT  value  of  -7.9  x  10"5  K_l  for  the  wavelength  range  0. 36-39  jjm,  but 
no  detailed  variation  of  dn/dT  was  given. 

In  the  present  research  this  obstacle  was  removed  by  our  empirical  methods, 
as  discussed  in  subsection  2.2.  With  the  aid  of  the  predicted  parameters  in  Table  5, 
we  constructed  a  formula  for  dn/dT  values  for  CsBr  over  the  entire  transparent  region: 


2n|f  =  -14.22  (n2-l) 


4.75  + 


2. 172  X4 


310.40  X4 


(X2  -  0.03497) 2  (X2  -  18509. 60) 2 


where  dn/dT  is  in  units  of  10  "5  K”1  and  X  in  ym. 


(59) 


The  results  of  this  process  are  encouraging.  In  Fig.  64,  it  is  evident  that  our 
averaged  value  of  dn/dT  in  the  transparent  region  is  about  -8. 2  x  10 ~5  KM,  while  the 
value  of  Rodney  and  Spindler  is  -7.9  x  10-5  K"1.  In  the  better  set  of  the  selected  data, 
Rodney  and  Spindler  [107]  obtained  refractive  indices  at  temperatures  ranging  from  297 
to  304  K,  and  then  reduced  to  300  K  with  accuracies  within  ±1  or  2  x  10-6.  If  the  errors 
are  totally  due  to  the  uncertainties  of  dn/dT,  which  is  very  likely,  the  uncertainty  in 
dn/dT  is  about  0. 3  x  10”5  K"1  or  higher.  The  accuracy  of  the  other  set  is  perhaps  less 
than  0.0001.  Therefore,  it  can  be  safely  said  that  the  predictions  of  Eq.  (59)  are  rea¬ 
sonable.  The  selected  data  were  reduced  to  293  K  using  this  equation. 


From  the  information  in  Tables  3  and  82,  input  parameters  for  a  least-squares 
fitting  were  obtained.  The  calculation  resulted  in  a  dispersion  equation  for  CsBr  at  293  K 
in  the  transparent  region,  0. 21-55. 0  jim. 


n2  =  1. 14600  +  U  26628  *2  +  °‘°1137  *2  +  0.  00975  X2 
X2  -  (0.  120)2  X2  -  (0.  146) 2  X2  -  (0. 160)2 

)  0.00672  X2  4  0.34557  X2  t  3.76339  X2 
X2  -  (0.  173) 2  X2  -  (0. 187) 2  X2  -  (136.05)2  ’ 


(60) 


where  X  is  in  units  of  yn n . 
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Equations  (59)  and  (60)  are  used  to  generate  the  recommended  values  of  refractive 
index,  and  its  wavelength  and  temperature  derivatives.  The  property  values  are  given 
to  more  decimal  places  than  needed  to  assure  tabular  smoothness.  In  using  values  from 
the  table,  readers  should  follow  the  criteria  given  below. 


For  refractive  index: 


Wavelength  Range 

Meaningful 

Estimated 

(m) 

Decimal  Place 

Uncertainty,  ± 

0.21-  0.25 

2 

0.01  - 

0.25-  0.35 

4 

0. 0003 

0.35-30. 00 

4 

0.0001 

30.00-40.00 

4 

0.0005 

40.00-55.00 

3 

0.006 

For  dn/dT: 

0.21-  0.22 

0 

21 

0.22-40.00 

1 

0.4 

40.00-55.00 

1 

0.9 

TABLE  78.  RECOMMENDED  VALUES  ON  THE  REFRACTIVE  INDEX  AND  ITS  WAVELENGTH  AND 
TEMPERATURE  DERIVATIVES  FOR  C.Br  AT  2*3  K* 


X 

n 

-<w<u 

jBn"* 

dn/dT 

10-*  K*‘ 

X 

0 

-<WdX 

dn/dT 

10-*  K-* 

X 

n 

-da/dX 

I*"*1 

dn/dT 
10-*  K-* 

0.218 

7.18281 

16.1.981 

-1.73 

0.375 

1.76(57 

O.40?4? 

-0.61 

1.750 

1.67191 

0.00373 

-6.39 

0.212 

2. 18191 

1.. 08686 

-2.85 

0.380 

1.19.19 

0 • 4656  5 

•0.60 

1.000 

1.67173 

0*00344 

-6.39 

0.21*. 

2.129.9 

12.62.(6 

-3.74 

0 .385 

1.7.192 

0.4.4340 

-1.(0 

1.650 

1.67150 

0.00319 

-0.39 

0.216 

2.182(1 

11.0(259 

-4.4»€ 

0.3SQ 

1.73975 

0.6222? 

-0.60 

1.900 

1.67161 

6.00297 

-6.39 

0.216 

2.08109 

9.92127 

-5.04 

0.395 

1.73765 

C. 60339 

-••59 

1.950 

1.67127 

C. 00277 

-6.39 

0.220 

2.06216 

8.97850 

-5.53 

0.600 

1.13(71 

0.38*26 

-8.5? 

2.000 

1.67113 

0.00259 

-0.39 

0.222 

2. 3.92. 

0.1(09. 

-5. S3 

0.610 

1.13203 

0.35222 

-0.58 

2.0  50 

1.67101 

0.00243 

-6.39 

0.22*. 

2.029.1 

7.6722. 

-0.27 

0.620 

1.728(8 

0.22206 

-*.57 

2.100 

1.67069 

6.00220 

-0.39 

0.226 

2.01909 

6.8(070 

-0.56 

0.630 

1.72556 

C. 297 12 

-0.57 

2.150 

1.67070 

0.00215 

-8.39 

0.226 

2.00189 

6.3.167 

-0.0C 

0.660 

1.72271 

0.27600 

-0.56 

2.200 

1.67067 

0*00203 

-6.30 

0.230 

1.88968 

5.87783 

-7.02 

0.65  0 

1.72007 

0.25331 

-0.55 

2.250 

1.67050 

Q.Q0192 

-8.38 

0.23? 

1.978). 

5. .((96 

-7.28 

0.660 

1.71763 

0*236/2 

-0.55 

2.500 

1.67C60 

0*00102 

-6.30 

0.23*. 

1.9*778 

9.1012. 

-7.36 

0.670 

1.71517 

C. 21797 

-0.56 

2.350 

2 • 670  J? 

0.90173 

-0.38 

0.236 

1.99791 

6.773(6 

•7.58 

0.600 

1.  11327 

C.  20202 

-0.56 

2  •  6  0  C 

1.67031 

0.03165 

-6.38 

0.236 

1.9.866 

...7932 

-7.02 

0.650 

1.71131 

0. 1 0?  US 

-0.53 

2.650 

1.67023 

0.00157 

•0.30 

0.260 

1.91997 

6.21119 

-7.73 

0.500 

1. 70  5.8 

0  *17  6  6  0 

-0.53 

2.500 

1.67C1* 

0.00150 

-8.30 

0.262 

1.93179 

1.97173 

-7.82 

0.510 

1.70777 

0.1ti2? 

-0.52 

2.550 

1.67090 

0.00144 

-0.36 

0.266 

1.92.07 

3.7916. 

-7. SC 

0  .520 

1.70617 

0.15665 

-0.52 

2.600 

1.67001 

0.03130 

-0.38 

0.266 

1.91677 

3.95168 

-r.se 

0.530 

1. 7**67 

f .16531 

-0.51 

2.650 

1.66996 

0.00123 

-6.38 

0.266 

1.90986 

i.i(e(2 

-0.04. 

0.560 

1.70326 

C  » 1 3€  5  7 

-0.51 

2.700 

1.66907 

0.Q0126 

•8.38 

0.250 

1.90330 

3.19717 

-8. It 

0.5*0 

1.  7019. 

C . 12856 

-6.5C 

2.750 

l.tb<01 

0.00123 

-8.38 

0  .25? 

1.89701 

3.0.051 

-8.16 

0.560 

1.700(4 

0.12116 

-6.50 

2. SCO 

1.66975 

0.0012  9 

•0.30 

0.256 

1.89113 

2.89(62 

-8.20 

0.570 

1.(9952 

C. 11651 

-6.5C 

2.050 

2.66969 

0.00115 

-8.38 

0.266 

1.889.7 

2.7(290 

-0.25 

0.500 

1.(9860 

0. 107S9 

-0.69 

2.900 

1.66966 

0.0011? 

-8.38 

0.256 

1.88007 

2.63806 

0.550 

1.(9735 

0.10216 

-0.69 

2.950 

1.66<50 

0.I01C9 

-0.38 

0.260 

1.87.91 

2.52229 

-8.32 

0*600 

1.(9636 

0.09672 

-0.60 

3.000 

1.66953 

0.001C6 

-8.30 

0.262 

1.96998 

2.61.18 

-0.3! 

0.620 

1.69*53 

O.C0(?9 

-0.60 

3.050 

2.06960 

0.00  2  C  J 

-8.38 

0.266 

1.86929 

2.11217 

•0.38 

1.660 

1.(9287 

0.07056 

-0.67 

3.100 

1. 66942 

0.00100 

-8.38 

0  .266 

1.86072 

2.218(9 

-0.4C 

0.660 

1.89138 

0.  07217 

-0.67 

3.156 

1.66937 

0.001*8 

-8.38 

0.266 

1.09637 

2.12987 

•0.43 

0.660 

1.(9002 

C,  06671 

•0  •  6( 

3.200 

1.66933 

C.  06096 

-8.38 

0.270 

1.84219 

2.06(92 

-8.05 

0.700 

1.(8878 

0.05902 

-0.68 

3.250 

1.(6120 

C.00J94 

-0.30 

0.272 

1.8.818 

1.9(810 

-0.67 

0.720 

1.111(5 

0.053SS 

*0.65 

3)330 

1.66  92  3 

0.00092 

-0.30 

0.276 

1.6. .32 

1.89(28 

•0.68 

0.760 

1.(8862 

G.C4552 

-0.6! 

3.350 

1.66519 

0*00990 

-0.38 

0.276 

1.8.061 

1.82.68 

-0.5C 

0.760 

1.80967 

0.06556 

-0.6* 

3.600 

1.66916 

0.08389 

-8.38 

0.276 

1.037J2 

1.79880 

•0.51 

0.760 

1.(8680 

0.06190 

-6.66 

3.650 

1.66*10 

0.00386 

-0.38 

0.260 

1.83356 

1.69628 

-0.52 

O.SOO 

1.(0394 

0.03870 

•8,66 

3.50T 

1.06905 

1.00006 

-0.38 

1.26? 

1.81023 

1.62726 

-0.56 

0.020 

1.(0326 

0.03591 

-8.66 

3.550 

1.06901 

0.00005 

-0.38 

0.266 

1.82701 

1.58121 

-0.55 

0.660 

1.(8255 

0. 03332 

-0.63 

3.690 

1.66697 

0*10064 

-8.38 

1.286 

1.82390 

1.92819 

-0.56 

0.060 

1.(8191 

0.03097 

-6.63 

3.650 

1.66093 

0.00063 

-8.37 

0.266 

1.82090 

1.67772 

-0.56 

0.080 

1 .  (8 1 31 

C. 02086 

-0.63 

3.70  0 

1.66(89 

0.60062 

-8.37 

0.250 

1.81799 

1.62972 

-0.57 

o.soo 

1.(8075 

0.02(91 

-0.63 

3.750 

1.66065 

0.00061 

-0.3? 

0.252 

1.81518 

1.18.12 

-I.50 

0.S20 

1.(0023 

0.C2515 

-8.63 

3.000 

1.66062 

0.00060 

•0.37 

0.296 

1.812.9 

1. 3.1.6 

-0.50 

O.soo 

1.(7975 

0.02356 

-0.62 

3.050 

1.66077 

1*00060 

-0.37 

0.296 

1.80982 

1.29*96 

-0.5? 

0.510 

1.(7929 

0.02206 

-0.62 

3.900 

1.66873 

0.00079 

-0.37 

0.296 

1.80  726 

1.2(933 

-0.5S 

0  .580 

1.67(86 

0.02071 

-0.62 

3.950 

1.66869 

0.00070 

-0.37 

0.300 

1.  80.76 

1.221*7 

•0.60 

1  .000 

1.(7866 

0.01967 

-0.62 

6.000 

1.06665 

0.00070 

-0.37 

0.305 

1.79889 

1.1339* 

•0.61 

1.0*0 

1. (7756 

0.01(70 

-0.61 

6.050 

1.66062 

0.00077 

-0.37 

0.310 

1.793.2 

1.01131 

-0.01 

t.too 

1.(7677 

0.01657 

-0.61 

6.  100 

1*66057 

0.06077 

-0,37 

0.315 

1.78811 

0.98*6* 

-0.6? 

1.1*0 

1.(7609 

0.01276 

-8.61 

6.150 

1.66053 

0.00077 

-0.37 

0.320 

1. 78)57 

(.92061 

-6.62 

1.260 

1.(7550 

0.01120 

-8.61 

6.200 

1.66669 

0.06076 

-0.17 

1.325 

1.77911 

1.8(229 

-8.62 

1.250 

1.(7697 

0.00591 

-1.60 

6.250 

1.06665 

0.00076 

-0.37 

1.330 

1.77.9. 

1 .61926 

-0.6? 

l.lfl 

1.(7150 

0.00002 

-0.60 

6.300 

1.6606? 

0.00976 

-0.37 

0.335 

1.77111 

(.76(51 

-0.6? 

1.350 

1.(7600 

0.00700 

-0.60 

6.350 

1.66030 

6.00076 

-8.37 

0.360 

1.76732 

*  •  71 ( (1 

-0.6? 

1  .601 

1.(7371 

0.00700 

-0.60 

6.600 

1*66836 

0*11076 

-0.37 

0.365 

1.7638. 

1.67991 

-8.02 

1.650 

1.(7317 

0.10(39 

-6.6C 

6.650 

1*66030 

0.00075 

-0.37 

1.350 

1.76051 

0.611.7 

-8.62 

1.501 

1.(7307 

0.00579 

-0.6C 

6.900 

1.04027 

0.00075 

-0.37 

0.355 

1.75  7.9 

(.61192 

-0.6? 

1.550 

1.(7274 

0.0052* 

-6.39 

6.550 

1.66123 

0*10075 

•0.37 

1.160 

1.79.51 

(.97(58 

-0.61 

1.600 

1.(725. 

0.10660 

-0.39 

6.600 

1.66015 

0*01075 

-0.37 

0.365 

1.79173 

1.9.26* 

•  0*  •  1 

Istll 

1.(7131 

0.00660 

-1.39 

6.650 

1.06015 

6*00075 

-0.37 

0*370 

1.76900 

(.91696 

-0.61 

1.700 

1.(7210 

0.00606 

-0.39 

6.700 

1.66011 

0.00075 

-0.37 
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TABLE  11.  RECOMMENDED  VALUES  ON  THE  REFRACTIVE  INDEX  AND  ITS  WAVELENGTH  AND 
TEMPERATURE  DERIVATIVES  FOR  C»B r  AT  2(3  K  (ooctlaMd)* 


X 

n 

-dU/dX 

(•a"1 

da/dT 
10-*  X-* 

X 

pm 

n 

-da/dX 

If*"* 

da/dT 
10"5  K-* 

X 

n 

-da/dX 

pm  "* 

da/dr 

10-*K** 

*.750 

1.06009 

0.00075 

-9.37 

10*606 

1.(6196 

0.00135 

-6.31 

26.500 

1.62395 

0.003*9 

-7.81 

ii.lOO 

1.00904 

0.90175 

•6.37 

11.4(0 

1.(6166 

0.60136 

-6.31 

27.063 

1.(7717 

0.003(7 

-7.78 

4.5!0 

1.66106 

0.0(970 

-0.37 

11.200 

1.  (61*1 

0.001*0 

-6.30 

27.500 

1.(2032 

0.IC375 

-7.75 

*.900 

1.00790 

0.1(170 

-0.37 

11.410 

1.66112 

0.001*3 

-6.30 

26.800 

1.(1942 

0.0036* 

-7.72 

e.sso 

1.06793 

1. 00176 

•8.37 

11.600 

1.(6033 

0.601*5 

-6.36 

74.500 

1 • (1 (*6 

0.0(342 

-7.(9 

5.000 

1.66769 

0  .19070 

•8.37 

11.600 

1.6605* 

0.061*8 

-6.30 

29.003 

1.61*50 

0.00*C1 

-7.fefc 

9.100 

1.66761 

0.09976 

-4.37 

13.000 

1  * (602* 

C.C015C 

-6.29 

29.500 

1.(1747 

0.00*10 

-7.02 

9.301 

1.66773 

1.19977 

-(.37 

12.(00 

1. (599* 

0.00153 

-0.29 

30.000 

1.61040 

0.0(419 

-7.56 

9.301 

1.66766 

9.99977 

•8*36 

12.400 

1.(5963 

C. 00155 

-6.25 

30.900 

1.66625 

0.00474 

-7.55 

9.400 

1.66790 

9.19971 

-6.36 

13.600 

1.(5932 

0.00150 

-6.26 

31.080 

1.60(13 

6.00*37 

-7.51 

9.900 

1.66750 

9.99079 

•6.36 

1  2. SIC 

1. (5900 

0.IDU1 

-6.26 

31.5011 

1.60392 

0  •  0  0  *  *6 

-7. *6 

5.600 

1.66762 

1.19979 

-6.36 

13.000 

1.(5868 

0.00163 

-6.26 

32.000 

1.(0167 

0.00*55 

-7. *2 

9.700 

1.06  734 

l.tllll 

•6.36 

13.300 

1.(5835 

0. 00166 

-0.27 

32.500 

1.59937 

0  •  Q  0*  (  5 

-7.38 

5.900 

1 • 66726 

9.99911 

*4.  3( 

13.600 

1.(5801 

0.00160 

-0.27 

33 • 1C  0 

1.59782 

0.00*7* 

-7.33 

9.900 

1.66711 

9.9(091 

-6.36 

13.600 

1.(5767 

0.00171 

-8.2 t 

33.500 

1.59*62 

0.00*6* 

-7.26 

0.000 

1.66710 

0.9(042 

•6.36 

13.9(0 

1.(5733 

0 . GO  1 7* 

-6.26 

3*. 000 

1.5921 6 

l .0  OhS* 

-7.23 

(.140 

1.66702 

0.0CI83 

-6.36 

14.000 

1.65698 

0  •  00 176 

-6.2t 

3*. SCO 

1.58566 

0.0056* 

-7.16 

6.201 

1.66696 

9.0(944 

-6.36 

14.2(0 

1 . (5 (62 

0. CO  179 

-0.25 

35.000 

1.5671* 

0.0051* 

•7.13 

e.soo 

1.66665 

1.00145 

-6.36 

14.400 

1.(5626 

0.00101 

-6.25 

35.500 

1.58*5* 

0 • 60S  25 

-7.07 

6.  *00 

1.66677 

0.61066 

-8.36 

1*  (600 

1.(5590 

0.0018* 

-8.25 

36.0Q0 

1.56169 

0.00535 

-7. Cl 

6.500 

1.66666 

9.00046 

-6.36 

1*.800 

1.65553 

0.00187 

-8.2* 

36.500 

1.57919 

0.005*6 

•6.95 

6.600 

1.66655 

0.4(447 

-6.36 

15.400 

1.(5515 

0.00169 

-8.2* 

37.00C 

1 .  !  7 1 4  3 

0.60557 

-6. as 

0.700 

1.06691 

0.0(044 

-4.35 

15.200 

1.(5477 

0.60192 

-1.23 

37.500 

1.57767 

0.00568 

•6.62 

(.000 

1.00647 

9. 991(9 

-4.35 

15.400 

1.65*38 

0.00195 

-6.23 

36.000 

1 .  !  707  ( 

0.60579 

-6.75 

0.900 

1.00633 

0.(9199 

•4.39 

15.6(0 

1.(9399 

0.00197 

-6.22 

34.500 

1.5676* 

0.00590 

-6.68 

7.000 

1.66526 

9.90091 

-4.39 

15.000 

1.(5359 

0.00200 

-8.22 

39.000 

1 .56*6 1 

C.006C? 

•b.bl 

7.100 

1.66614 

9.11(92 

-4.35 

16.1(0 

1.(5319 

0.10701 

-8.21 

39.500 

1.56107 

0.00613 

-6,5* 

7.200 

1.60009 

(.(1191 

-4.3* 

16.300 

1.61274 

1. 19209 

-4.21 

*0.000 

1.59077 

0.00626 

-6. *6 

7.300 

1.60990 

(.(•(94 

•4.35 

16.409 

1.(1737 

(.14704 

-4.74 

40.500 

1.59997 

0.00637 

-6.37 

7.400 

1.00940 

9 .10199 

-4.3! 

16.600 

1.(1195 

0.10211 

-4.70 

41.000 

1.55739 

0.10660 

-6.29 

7.900 

1.06577 

0.00097 

•4.3! 

16.600 

1.(9152 

0.00714 

-6.26 

*1.500 

1.54007 

0.60662 

-6,20 

7.000 

1.66567 

0.10(94 

-4.3! 

17.000 

1.(9109 

0.90216 

-4.19 

47.000 

1.54173 

0.00675 

•6.11 

7.700 

1.00957 

(.(1199 

-4.3! 

17.200 

1 ■ (906( 

0.10219 

-6.16 

47.500 

1.54737 

8.06668 

-6 .01 

7.000 

1.00947 

(.4(1(1 

•6.  3*9 

17.400 

1.(1022 

0.11222 

-6.16 

*3.000 

1.53(49 

0.007(1 

-5.82 

7.900 

1.66537 

4.411(1 

-6.3* 

17.6(0 

1.(4977 

0.10225 

-4.17 

*3.500 

1.53531 

0.00715 

-5.81 

6.000 

1.66527 

1.14107 

-••3* 

17.4(0 

1.1*932 

0.10227 

-6.17 

••*•000 

1.53170 

8.00779 

-5.71 

o.too 

1.06517 

I.0IIIJ 

-6.3* 

ia.«<« 

1 . (*666 

8. (0230 

-6. It 

**.500 

1.52402 

0.107*3 

-5.60 

8  •  £00 

1.(6500 

(.1(1(4 

-6.3* 

14.300 

1.(4640 

0.CG233 

-6.16 

*5.000 

1.52*27 

6.007*7 

-5, *8 

0.300 

1.66996 

(.1(1(5 

•6.3* 

16*611 

1 • €*  793 

0.00236 

-6.15 

45.500 

1.520*  f 

0.00771 

•5 . 3( 

9.400 

1.60445 

0.0(107 

-8.3* 

14.600 

1.(4745 

0.00239 

-6.15 

*6.000 

1 • 51(51 

1(00766 

-5.2* 

9.900 

1.(0475 

0.00104 

-8.3* 

14.000 

1.1*697 

0. C02*i 

-8.1* 

*6.500 

1.51259 

0.00601 

-5.11 

0.600 

1.66969 

0.001(9 

-6.3* 

19.000 

1. (*6*9 

0.002** 

-8.13 

*7.000 

1.80055 

0.00817 

-*.56 

9.700 

1.66953 

(.IC1K 

-8.3* 

19.200 

1 .(*600 

0.002*7 

-6.13 

47.500 

1. 50**2 

0.00833 

-*.8* 

0.600 

1.00447 

1.(1111 

-8.33 

19.411 

1.(4550 

0.00250 

-8.12 

*6.000 

1.51422 

0.(0469 

-*.70 

9.900 

1.00431 

0.9(117 

-6.33 

19.611 

1.(4500 

0.00253 

-6.11 

*6.500 

1  •  *9?9* 

0.00865 

-*.55 

9.000 

1.06419 

0«0Q113 

-6.33 

19.600 

1  •  (***9 

0.CQ256 

-6.11 

*9.000 

1  •  *915  7 

0.00862 

-*.38 

9.100 

1.66906 

0.09115 

-8.  33 

20.(11 

1.1*3  97 

0.00259 

-6. 1C 

*9.500 

1  .*6  71 2 

0.60699 

-*.23 

9.700 

1.(6390 

9.(9116 

-4.33 

20.911 

1.6*266 

0.00266 

-6.16 

51.000 

1 • *025 1 

0.00917 

-*.06 

9.900 

1.00345 

9.99117 

-1.33 

31.110 

1.  14132 

0.10273 

-6.87 

56.500 

1.47199 

0.00935 

-J.69 

9.600 

1.(0371 

1. 99119 

-6.33 

31.500 

1.(3993 

0.00201 

-8.85 

51.000 

1 • *732  5 

0.06953 

-3.71 

9.900 

1.66361 

1.99119 

-8.33 

23.100 

1.(3451 

0.00266 

-6.13 

51.900 

1 .*66*2 

0.00972 

-3.52 

9.000 

1.00349 

9.99111 

-0.33 

32.900 

1.(3709 

0.00296 

-6.11 

57.000 

1.46  391 

4.00991 

-3.32 

9.700 

1.00137 

9.91123 

-4.  33 

21.001 

1.(3059 

9.C0303 

-7.99 

57.(00 

1.49491 

1.01010 

-  3  •  i  2 

9.400 

1.(6329 

1.99133 

•1.32 

21.109 

1.03402 

0.60311 

-7.97 

S3. tOO 

1.41141 

0.01030 

-2.91 

9.900 

1.06113 

1.99134 

•1.  32 

24.999 

1.(3245 

0.00319 

-7.94 

93.999 

1.44121 

(.010*1 

-2 . 1 5 

10.000 

1.66300 

(.(9139 

•4.33 

24.99( 

1.13003 

0.00326 

-7.97 

S*.0ll 

1.44140 

0.01072 

-2.*t 

10.700 

1.66379 

1.19139 

•4.32 

29.991 

1.(2910 

1. 19)34 

-7.19 

(4.999 

1.4JI44 

0.01094 

-2.21 

10.400 

1.06349 

9.99119 

-0.32 

29.(11 

1.(2749 

0.19342 

-7.07 

99.991 

1.41141 

O.dllO 

-1.96 

10.000 

1.66337 

9.19133 

-0.31 

26. Il( 

1.(2976 

1. 10359 

-7.0* 

*  In  thl.  table  more  daotmai  pUen  are  reported  thaa  ewrrarted  merely  for  the  purpoee  at  tabular  amootkoeH  aad  late  real  ooraparteoa. 
For  meaningful  '  '-eel  ptaoee  a *4  eaoertalaUee  of  tabulated  valuee  tn  virtoue  wmvelenptk  raagM,  eee  the  text  of  etOeoottoa  1. 19. 


WAVELENGTH, X, /im  FIGURE  64 


TABLE  80.  EXPERIMENTAL  DATA  ON  THE  REFRACTIVE  INDEX  OF  CbBt 
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3.20.  Cesium  Iodide,  C si 

Early  measurements  on  the  refractive  index  of  Csl  were  made  by  Sprockhoff  [95] 
in  1904,  using  a  minimum  deviation  method  for  three  visible  spectral  lines,  0.486  ,  0. 589, 
and  0. 656  pm.  Although  his  values  were  presented  to  four  decimal  places,  the  temper¬ 
ature  at  which  the  data  were  taken  was  not  specified.  These  three  values  were  the  only 
available  data  for  about  50  years.  The  main  reason  for  such  a  long  period  of  inactivity 
was  the  difficulty  in  growing  adequate  crystals.  Large  and  good  quality  crystals  suitable 
for  optical  components  were  not  available;  also,  the  need  for  infrared  transparency  was 
not  generally  felt. 

It  was  not  until  1955  that  the  refractive  index  for  the  wide  range  of  transmission 
(0. 29  to  53  pm)  was  measured  by  Rodney  [110]  on  several  cesium  iodide  samples  grown 
by  the  Harshaw  Chemical  Company.  The  refractive  indices  were  measured  at  temper¬ 
atures  near  15,  24,  and  34  C  by  the  deviation  method.  The  temperature  derivatives  of 
refractive  index  were  determined  for  each  wavelength  and  all  data  were  reduced  to  24  C. 
He  adopted  a  dispersion  equation  of  the  Selim eier  type,  simplified  to  five  terms,  to  fit 
the  reduced  data.  Although  his  dispersion  equation  fitted  his  data  quite  well,  more  terms 
could  have  been  included  to  advantage,  since  information  on  more  than  five  absorption 
bands  was  then  available. 

In  the  ultraviolet  region,  0.20-0.25  pm,  Lamatsch,  Rossel,  and  Sauer  [111] 
derived  the  refractive  indices  from  information  on  the  transmission  and  reflection  spec¬ 
tra.  Since  they  used  vacuum- evaporated  thin  film  samples,  the  wavelengths  of  the  two 
absorption  bands  obtained  are  higher  than  that  of  the  bulk  material.  Large  discrepancies 
between  this  set  of  data  and  that  calculated  from  Rodney's  work  are  to  be  expected. 

Values  of  the  refractive  index  beyond  the  transparent  region  in  the  infrared  were 
obtained  by  Vergnat,  et  al.  [26]  in  1969,  by  analyzing  the  reflection  spectrum.  They 
found  that  the  wavelengths  of  infrared  absorption  bands  are  117.65  and  161.29  pm  at 
room  temperature.  One  of  the  two  values  is  in  close  agreement  with  that  of  Rodney,  as 
shown  in  Table  87.  As  a  matter  of  fact,  the  predominant  contribution  to  the  absorption 
is  due  to  the  one  band  that  Rodney  used. 

In  the  millimeter  wavelength  region,  the  refractive  index  at  2000  pm  was  obtained 
by  Dianov  and  Irisova  [47]  in  1966.  Their  result,  n2  =  6.452  at  room  temperature,  agree 
to  the  first  decimal  place  with  the  static  dielectric  constant  given  by  Vergnat,  et  al.  [26] . 
This  completes  the  record  of  the  published  activities  in  determining  the  refractive  index 
of  Csl. 
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From  the  available  information,  the  data  of  Rodney  were  adopted  as  the  basis 
for  the  generation  of  recommended  values.  Since  this  set  of  data  was  measured  at  a 
temperature  of  297  K,  corrections  had  to  be  made  to  reduce  the  data  to  293  K.  Rodney 
[110]  discussed  the  temperature  derivative  of  the  refractive  index  quite  thoroughly  in 
his  paper;  however,  an  equation  for  calculating  dn/dT  in  general  was  not  given. 

The  temperature  coefficient  of  the  refractive  index  of  Csl  unlike  that  of  other 
alkali  halides,  has  been  measured  over  the  whole  transparent  region.  Using  the  existing 
data  on  dn/dT  and  the  parameters  in  Tables  2  and  3,  a  least- squares  fitting  of  the  data 
to  Eq.  (19)  was  carried  out.  The  results,  together  with  those  obtained  for  LiF,  NaF, 
NaCl,  and  KC1,  provided  the  basis  for  the  procedure  discussed  in  subsection  2.2;  see 
also  Figs.  2  and  3.  These  results  were  used  to  predict  the  unknown  parameters  of 
Eq.  (19)  for  all  the  twenty  alkali  halides,  as  given  in  Table  5.  With  these  parameters 
we  can  construct  a  formula  for  calculating  dn/dT  for  Csl. 


2n~  =  -14.70  (n2-l)  -  5.53  + 


2.464  X4 


242.76  X4 


dT 


(X2  -  0.04752)2  (X2  -  26014. 46) 2 


where  dn/dT  is  in  units  of  10 “5  K""1  and  X  in  j*m. 


(61) 


Comparison  of  the  predictions  of  Eq.  (61)  and  the  experimental  data  shown  in 
Fig.  67  shows  excellent  agreement  except  at  two  points,  at  about  0.30  and  0.35  fjx n. 
From  the  fact  that  the  constructed  dn/dT  formulas  always  agree  with  experimental  data 
at  low  wavelengths,  as  shown  in  dn/dT  figures  of  LiF,  NaF,  NaCl,  and  KC1,  we  believe 
that  Eq.  (61)  gives  reasonable  estimates  in  the  low  wavelength  region.  Equation  (61' 
is  confidently  used  to  reduce  the  selected  data  to  293  K. 

As  listed  in  Table  3,  the  ultraviolet  absorption  spectrum  of  Csl  between  0. 10 
and  0. 24  ffln  consists  of  seven  absorption  peaks.  The  infrared  spectrum  comprises  two 
fundamental  absorption  peaks,  but  the  dominant  effect  on  the  refractive  index  is  due  to 
the  peak  at  161. 29  ft m.  In  the  present  work,  the  effects  of  all  the  absorption  peaks  on 
the  refractive  index  in  the  transparent  region  are  taken  into  consideration,  and  the  best 
fit  equation  is  used  to  calculate  the  refractive  index  of  Csl  at  293  K  in  the  transparent 
region,  0.25-67.0  fOn. 


,  .  0. 68689  X2  0.26090  X2  0.06256  X2  0.06527  X2 

nz  =  1. 275  87  +  — - - + - + -  + - 

X2  -  (0. 130)2  X2  -  (0.147) 2  X2  -  (0.  163) 2  XJ-(0.177)2 

(62) 

0.14991  X2  0. 51818  X2  (  0.01918  X2  ,  3. 38229  X2 

X2  -  (0.  185) 2  X2  -  (0.206) 2  X2  -  (0. 218) 2  X2  -(161.29)2 


where  X  is  in  units  of  ym. 
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Equations  (61)  and  (62)  were  used  to  generate  the  recommended  values  of 
refractive  index  and  its  wavelength  and  temperature  derivatives.  In  the  table  of  recom¬ 
mended  values,  more  decimal  places  than  needed  are  given,  for  tabular  smoothness  and 
Internal  comparison.  In  using  values  from  the  table,  readers  should  follow  the  criteria 
given  below. 


For  refractive  index: 


Wavelength  Range 

Meaningful 

Estimated 

(pn) 

Decimal  Place 

Uncertainty,  ± 

0.25-  0.35 

4 

0.0002 

0.35-20.00 

4 

0.0001 

20. 00-40. 00 

4 

0. 0002 

40.00-50.00 

4 

0.0005 

50.00-67.00 

3 

0.001 

For  dn/dT: 

0.25-  0.35 

1 

0.8 

0.35-  1.00 

1 

0.5 

1.00-50.00 

1 

0.3 

50. 00-67. 00 

0 

1 
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TABU  03.  RECOMMENDED  VALUES  OM  THE  HETH ACTIVE  INDEX  AND  ITS  WAVELENGTH  AND 
TEMPEXATUBE  DElUVATtVES  rOB  Cal  AT  M3  K* 


A 

** 

A 

-<W<fr 

<W<rr 

io-»r* 

A 

m 

A 

-<WdA 

tin-* 

M/ST 

ur*  K-* 

A 

A 

-M/A 

M/ST 
U-*  K-* 

•  .Ml 

2.2I9II 

4.70310 

-*.** 

0.990 

1.79131 

0.70*57 

-9.67 

2.798 

1. 7**79 

0.01157 

•9.90 

0.292 

2.192*9 

0.1*29* 

•9.13 

0.300 

1.79130 

0.19*21 

-9.(2 

Mil 

1. 7**71 

1. 00131 

-9.*0 

1.29* 

2.17*7* 

7.3100* 

-3.7* 

0.370 

1.790*2 

0.1120* 

-9.0* 

2.851 

1.7**** 

1.011** 

•9.90 

1.791 

2.1*21* 

7.09910 

•t.23 

0.919 

1.I1I0* 

1.17230 

-9.23 

2.588 

1. 7**97 

•  .••no 

-*.*• 

1.29* 

2.1**3* 

2. *5010 

•0.09 

1.390 

1.70717 

0.1*271 

-9.05 

2.958 

1. 7**30 

1. 00132 

-9.M 

1.2*1 

2.139*9 

2.2*2 03 

-7.01 

0.000 

1.71539 

(.15376 

-9.2* 

5.888 

1. 7***3 

0.10127 

-I.M 

1.2*2 

7.12333 

5. 0033* 

-7.32 

0.020 

1.702*0 

0.137(0 

-9.23 

3.858 

1. 7**37 

0.01122 

•9.90 

l.2*k 

2.11191 

3.99137 

-7.99 

o.**o 

1.7030* 

0.12*02 

-9. *2 

3.188 

1. 7**11 

•  .onto 

-I.M 

i.m 

2.11111 

5.2*010 

•7.92 

|.*00 

1.77770 

0.11200 

-9.41 

2.158 

1. 7**25 

0.1011* 

-I.M 

1.2*1 

2. •9119 

*.97119 

•9.03 

0.(09 

1.77537 

0.101*2 

-9.41 

3.218 

1. 7**20 

1.01110 

-9.90 

i.in 

2.10121 

*.71*7* 

•0.21 

0.700 

1.773*3 

0.092** 

-9.61 

5.  258 

t.7**l* 

0.01107 

-9.*0 

1.272 

2.17212 

*.*3939 

-0.37 

0.720 

1.771** 

0.01*39 

-9.39 

3.  388 

1.79*0  9 

0. 001(3 

•9.M 

1.27* 

2.0*321 

*.2(103 

•0.91 

1.7*0 

1.77025 

0.(7723 

-9.19 

3.350 

1. 7**0* 

0.001(1 

•9.** 

1.27* 

2.19*9* 

*. 02037 

-0.0* 

0.7(0 

1. 7*277 

0.07050 

-3.30 

3.888 

1.7*399 

0.00097 

•9.9* 

1.27a 

2.9*703 

3.03539 

-a.  73 

0.700 

1.767*1 

0.0*523 

-9.50 

3.858 

1.7*19* 

8.01995 

-9.M 

•  .2*1 

2.939*2 

5. *9950 

•0.09 

1.090 

1.76(15 

0.0*010 

-9.37 

3.581 

1.7*390 

0.00092 

•9.M 

1.2*7 

2.03222 

3.95777 

-0.9* 

1.020 

1.7*390 

0.0552* 

-9.37 

3.558 

1.7*105 

0. 00190 

-9. *6 

1.2** 

2.(2930 

5.30370 

-9.02 

0.0*0 

1.7*392 

0.05153 

-9.3* 

3.408 

1.7*301 

1.101(7 

-9.  *0 

l.7f» 

2.010*7 

3.2*911 

•9.19 

0.000 

1.7*293 

1. 0*7(5 

-9.30 

3.458 

1.7*370 

o.oooa* 

-9. *6 

i.2«a 

2.11232 

3.11129 

-9.12 

1.000 

1.76291 

(.0**51 

-1.32 

3.708 

1.7*372 

0.010(3 

-9. *8 

1.29# 

2. *0*22 

2.90*79 

•9.21 

0.900 

1.7*115 

0. 0*1*7 

-1.35 

3.758 

1.7*360 

0.00062 

-9.M 

1.292 

2.00037 

2.02  9  (3 

-9.27 

0.920 

1.7*035 

0.(3071 

-9.95 

3.888 

1.7*36* 

1.00000 

-9. *7 

1.29* 

1.99*7* 

2.73930 

•9.32 

0.9*0 

1.759*0 

0.01(19 

-9.55 

3.850 

1. 7*3*2 

0.(0070 

-9. *7 

•  .29* 

1.9*932 

2. »3!*9 

-9.3* 

0.9*0 

1.75  090 

0.132*9 

-1.3* 

J.  989 

1.7*356 

0. 10077 

-9.97 

• .  29* 

1.91911 

2.9373* 

-'..*• 

(.900 

1.79*2* 

0.0317a 

-9.9* 

3.850 

1.7*332 

1.00073 

-9. *7 

l.ltl 

1.97  909 

2.** *** 

-9.** 

1.000 

1.757*3 

0.025a* 

-9.3* 

8.800 

t. 7*3*9 

0.0007* 

-9. *7 

1.5(9 

1.9*731 

2.23399 

-9.91 

1.050 

1.7522* 

0.(2503 

-1.31 

8.858 

1.793*5 

0. 0C73 

-9. *7 

I.UI 

1.99*91 

2.02932 

-9.97 

1.111 

1.79305 

0.02122 

-9.31 

8.188 

1.7*391 

0.(0072 

-9.97 

1.519 

1.99*31 

1.91*1* 

-9. *2 

1.190 

1.75*01 

1.01930 

-9.92 

8.158 

1.7*332 

0.01070 

-9. *7 

C.S2I 

1.937*1 

1.72199 

-9.2* 

1.200 

1.79310 

0.(1701 

-1.32 

8.280 

1.7*31* 

0.01069 

-9.97 

(.529 

1.92095 

1.05323 

♦9.09 

1.250 

1.79130 

0.11502 

-1.51 

8.258 

1.7*331 

0.100(0 

-9.97 

(.551 

1.92102 

1.91793 

-9.71 

1.300 

1.75161 

(.11231 

-9.31 

8.388 

1.7*327 

•.•((61 

-9.97 

1.559 

1.91373 

l.*l*29 

-9.73 

1.330 

1.79197 

0.01109 

-9.51 

8.S98 

1.7*37* 

0. 00067 

-9.97 

(.5*9 

1.9«*9I 

1.3202* 

-9.79 

l.*00 

1.750*0 

0.01009 

-9.51 

8.888 

1.7*371 

1.1106* 

-9.97 

1.5*9 

1.91051 

1.23327 

-9.72 

l.*9l 

1.7*990 

0.01551 

-1.90 

8.858 

1.7*317 

0.000(5 

-9.97 

l.59( 

1.09*53 

1.15000 

-9.77 

1.500 

1.7*9** 

0.096(9 

-9.30 

8.588 

1.7*31* 

0.000 (5 

-9.97 

1.599 

1.10*91 

1.0005* 

-9.72 

1.930 

1.7*903 

0.0070* 

•9.90 

8.558 

1.7*311 

0 • 110 ( * 

-9. *7 

1.5*1 

l.««3*3 

1.02*30 

•9,72 

l.*OI 

1. 7*0(2 

0.11713 

-1.50 

8.488 

1.7*30  2 

0.000(3 

-1.97 

1.5*9 

1.070*2 

0.923*1 

-9.72 

1.150 

1.7*032 

0.11651 

-9.51 

8.458 

1.7*309 

(.000(3 

-1.97 

l.17t 

1.07397 

0.91170 

•9.70 

1.710 

1.7*101 

0.0159* 

-9.50 

8.788 

1.7*392 

0.00062 

-9.97 

1.579 

1.0*99* 

0.021*3 

-9.79 

1.710 

1.7*772 

1.005*7 

•9.91 

8.750 

1.7*290 

0.100(2 

-9. *7 

•  •  5«« 

I.M91S 

1.015*0 

-9.79 

1.000 

1.7*7** 

0.1150* 

-1.*9 

8.888 

1.7*299 

0.010(1 

-9. *7 

«.S«9 

1.0*111 

0.772(2 

-9.70 

1.190 

1.7*721 

1.01*69 

-9. *3 

8.858 

1.7*292 

1.0(061 

-9.97 

1.591 

1.197*1 

1.73339 

-9.72 

1.900 

1.7*099 

0.00*30 

-9. *9 

8.988 

1.7*209 

1.100(1 

-9.97 

1.599 

1.19*0* 

1 .090 70 

-9.70 

1.911 

1.7*070 

0.09399 

-9.*1 

8.858 

1.7*202 

o.oooto 

-9. *7 

f  .*•• 

1.091** 

0.02220 

-9.70 

2. Ill 

1.7*059 

1.00271 

-9. *9 

5.888 

1.7*703 

0.110*0 

-9. *7 

•  .*11 

1.1*933 

l.*C 119 

-9.77 

2.191 

l.7*(*l 

0.003** 

-9. *9 

5.188 

1.7*277 

(.•((!( 

•9. *7 

•  .*21 

1.13199 

0.9*79* 

-9.7* 

2.111 

1.7*225 

0.10221 

-t.*9 

5.288 

1.7*271 

1.00(59 

•9. *7 

(.*>• 

1.13331 

0. 9(0*2 

-9.  72 

2.190 

1.7*009 

0.01212 

-9. *9 

5.888 

1. 7*2*9 

•.•••51 

-9.97 

«.**• 

1.02097 

•.*9002 

-9.79 

2.201 

1.7*39* 

0.01201 

-0.*9 

5.885 

1.7*2** 

0. 10050 

-9. *7 

•  .*91 

1.02*17 

•.*7192 

-9.7* 

2.291 

1.7*911 

I.I022* 

-1.*S 

5.588 

1.7*29* 

0. 10100 

-9.97 

I.UI 

1.12112 

0.30919 

-9.73 

2.391 

1. 7*9*0 

0.10251 

-9. *9 

5.488 

1. 7*2*0 

•.(••10 

-9. *7 

«.*r« 

1.01137 

0.39909 

-9.73 

2.391 

1.7*911 

0. 10210 

•0.99 

5.788 

1.792*2 

•  .HIM 

-9. *7 

•  .*•• 

1.11291 

0.3532* 

-9.72 

2. *00 

1.7*9** 

0.H2I1 

-1.*0 

5.888 

1.7*231 

•.••Oil 

-9. *7 

•  .*91 

1.00970 

1.30910 

-9.71 

2.990 

1.7*913 

0.11211 

-9,*0 

5.588 

1.7*231 

•.•••(1 

-9. *7 

«.9M 

1. 11*72 

0.20102 

-9.70 

2.100 

1.7*121 

0.11211 

-I.M 

4.888 

1.7*223 

1.010I0 

-9. *6 

9. 911 

1.0039] 

0.2*l(* 

-9.  *9 

2.110 

1.7*313 

1.11191 

-0.M 

6.188 

1.7*211 

1.900  M 

•9.M 

1.921 

1.0013* 

0.29110 

-9.09 

(.*•• 

1.7*90* 

0. fllll 

-0.M 

6.288 

1.7*213 

1.01030 

-1.9* 

I. 931 

1.79091 

0.23*7* 

•9.00 

2.090 

1.79*99 

0.00172 

•9, *9 

6.188 

1.7*217 

•.••III 

•9.** 

I. 9*1 

1.7900* 

0.2210* 

-9.»7 

2.700 

1. 7**07 

0.0110* 

•I.M 

6.888 

1.7*202 

1. 00191 

•9.M 
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TABLE  U.  RECOMMENDED  VALUES  ON  THE  RETRACTIVE  INDEX  AND  ITS  WAVELENQTX  AND 
TEMPERATURE  DERIVATIVES  TOR  Cat  AT  2SS  X  (oeattaMd)* 


X 

0* 

s 

-<w<ix 

da/dT 

lO-4 

X 

ft 

-<M/dX 

(*>■' 

<M/dT 

10-*  K-* 

X 

0* 

ft 

-<w«a 

(#“■* 

<W<rr 

10-*  KJ 

1.911 

1.74140 

«. 00054 

-9 

4f 

15.001 

1.23470 

0.00111 

-9 

39 

37.500 

l.llill 

1. 00323 

•6.72 

c.ast 

1.74140 

0.00014 

•9 

41 

15.210 

1.73455 

0.00117 

-9 

39 

30.000 

1.11(23 

1. 00324 

•6.66 

a.na 

1.74104 

0. 111(1 

-9 

*8 

15.400 

1.73451 

l.llill 

-9 

34 

30.500 

1. 11)51 

1.013)4 

-6.  €6 

e.aaa 

1.7*170 

0.010(2 

-9 

4  ( 

15.011 

1.13400 

0.(0120 

-4 

31 

14.000 

1.69161 

1. 01340 

•1.(2 

c.aai 

1.7*172 

1. 011(1 

•9 

*6 

15.000 

1.75305 

0 • 10122 

-4 

39 

39.500 

1.(1117 

1. 01341 

-0.59 

i. in 

1 • 74161 

1. 111(1 

-9 

*8 

10.110 

1.73354 

0. (0123 

-4 

34 

40.000 

1.(7143 

9.09352 

•1.11 

7.101 

1.7*101 

I.I0U1 

-9 

*€ 

16.200 

1.73334 

0. 19125 

-9 

36 

40.510 

l.(7(6( 

0.00150 

-6.53 

7.219 

1.74154 

0.010(2 

-9 

*6 

10.410 

1.73304 

0.00120 

-9 

37 

41.000 

1.(7415 

0.003(4 

-6. *9 

7.500 

1.7*147 

0.00002 

•9 

*8 

10.010 

1.73204 

0.69126 

-9 

37 

*1.590 

1.(7312 

0.00370 

-6.*C 

7.400 

1.74141 

0.000(7 

-9 

*8 

10.000 

1.73256 

9.60129 

-9 

37 

42.000 

l.|7ll( 

0.00376 

-<•*2 

7.500 

1.74115 

0. 0(0(3 

-9 

*8 

17.(01 

1.73232 

0.60131 

-9 

37 

*2.500 

1.(6921 

0.I0JI2 

-8.36 

7.600 

1.74125 

6.906(3 

-  o  . 

*8 

17 .206 

1.73208 

0.(0133 

-9 

38 

43.000 

1.66733 

0.00389 

•0.3* 

7.700 

1.74122 

9.9696* 

•9 

*8 

17.400 

In  73179 

0.6613* 

-9 

38 

43.500 

1.1(537 

0.00345 

-6.30 

7.100 

1.74111 

1. 0(0(4 

-9 

*8 

17.6QQ 

1.73152 

0.1(136 

-9 

38 

**.000 

1.66336 

9.99*01 

-6.26 

7.000 

1.7*109 

0.IOIC5 

•  9 

4» 

17.696 

1.7312* 

0.00137 

-9 

35 

**.590 

1 ■ (61 3 ( 

0.10400 

-6.21 

1.000 

t. 74193 

O.OOOtl 

-9 

*5 

16.006 

1.73697 

C  a  CO  1 39 

-9 

35 

*5.090 

1.65930 

4.00415 

-6.17 

7*100 

1.7*098 

0.000(1 

-9 

*5 

16.260 

1. i3069 

0.00141 

-9 

35 

*5.590 

1.65721 

3.10421 

-6.12 

8.700 

1.74090 

1.100(7 

•9 

*5 

18.  *66 

1.73041 

0.901*2 

•9 

3* 

*6.060 

1.65509 

9.99*29 

-6.96 

0.300 

1.7*083 

0 .0(0 17 

-9 

*5 

18.0(0 

1.73012 

Q.QQ1** 

-9 

3* 

*6.500 

1.65293 

0.00*35 

•8.03 

6a*Q0 

1.7*078 

0. 0(0(8 

-9 

LC 

16.809 

1 • 7298 J 

0.6CI*6 

-9 

3* 

*7.006 

1.65073 

0. 00**2 

•7.56 

8.610 

1.7*969 

0. 0(160 

-9 

*9 

14.000 

1.7295* 

6.601*7 

-9 

33 

*7.560 

1.6*651 

a. 00**9 

-7.92 

1.(10 

1.740(5 

0. 0(0(4 

-9 

*5 

14.201 

1.7292* 

0.10149 

-9 

33 

*6.000 

l.(4(24 

0.00*!6 

-7.17 

8.701 

i *  7*958 

0.00170 

-9 

45 

19  .*99 

1.7289* 

6.80151 

-9 

33 

*6.500 

1.6*39* 

6.00*6* 

-7.01 

8.800 

1.74049 

0.0(170 

-4 

4* 

14.(00 

1.7286* 

0.10152 

-9 

32 

49.000 

1.6*161 

4.00471 

-7.76 

8.010 

1.74042 

e.  00071 

-9 

*« 

14.0(0 

1.720  53 

0.00154 

-4 

32 

44.500 

1.63923 

0.00479 

-7.7C 

0.100 

1.74054 

0.00072 

-9 

*9 

20.000 

1.72002 

0.00156 

-4 

32 

50.000 

1.63882 

0.00401 

-7.6* 

9.100 

1.74021 

0.0«t72 

-4 

*9 

20.500 

1.22723 

0.10160 

-9 

31 

50.500 

1.(3437 

0.00*9* 

-7.51 

9.2*0 

1.74023 

0.00075 

-4 

21.000 

1.72(42 

0.101(4 

-4 

30 

5 1 • 00( 

1 .631 1 ( 

0.005C2 

-7.51 

0.500 

1.74011 

0.0(071 

-4 

4* 

21.500 

1.72  559 

C. 111(1 

-5 

29 

51.500 

1.1293! 

0.11510 

•7.45 

0.401 

1.74005 

0. 00*07  4 

-9 

** 

22.010 

1.72474 

0.10172 

-9 

26 

52.1(1 

1.(267! 

o.omo 

-7.38 

0.500 

1.75598 

0.0(07? 

*9 

** 

22.400 

1.72347 

C. 00177 

-9 

27 

52.500 

1.62*16 

0.01526 

-7.31 

9.600 

1.73990 

o.oi(75 

-4 

** 

23.001 

1.72240 

0.90181 

•4 

26 

55.000 

1.(2153 

0.00534 

-7.2  J 

0.700 

1.75905 

0.0107% 

•9 

** 

23.510 

1.72201 

0.00105 

•9 

t* 

53.500 

1.6166* 

0.00543 

-7.18 

9.800 

1.75975 

0.01177 

>4 

** 

24.0(0 

1.72112 

0.10140 

-9 

n 

54.000 

1.(1611 

0.00551 

-7. Cl 

9.900 

1.759(7 

0.00077 

•9 

** 

24.500 

1.726  18 

0.00144 

•9 

22 

54.500 

1.61132 

0.00560 

-7.00 

19.000 

1.73960 

C.OCC70 

-9 

** 

24.000 

1.71410 

3.10199 

-9 

21 

55.900 

1.61059 

9.00569 

-6.52 

ll.fOO 

1.739** 

1. 01080 

-4 

** 

24.500 

1.71017 

C.I02Q3 

-9 

26 

55.5(0 

1.6176* 

0.00578 

-6(0* 

10.401 

1.73978 

9.08081 

-9 

** 

26.000 

1.71715 

0 . 002  C  8 

-9 

16 

56.968 

1.69*73 

0.00587 

-6,75 

to. (01 

1.15911 

0.0(087 

-9 

** 

26.400 

1.71(10 

9.90212 

-9 

17 

56.500 

1.(1177 

6.60996 

-6.  e6 

10.600 

1.73698 

9.9Q08* 

-9 

*3 

27.(00 

1.11502 

0 • CO  2 17 

*9 

15 

57.000 

1.59877 

6.60615 

-6,57 

11.000 

1.73678 

0.00869 

-9 

*3 

27.500 

1. 71 J93 

0.90221 

-9 

1* 

57.509 

1.54!72 

0.06615 

-6  a  *  7 

11.2*0 

1.750(1 

9.16967 

•9 

*3 

21.000 

1.71281 

0.10220 

-9 

12 

50.010 

1.99262 

0.00(25 

-6.37 

11.400 

1.75045 

9.0(966 

-9 

*1 

20.500 

1.11161 

0.(9231 

-9 

11 

50. 5 l( 

1.18447 

0.00(34 

-6.27 

11.(01 

1.75821 

C .11 969 

-9 

*3 

29.010 

1. 11150 

0.00230 

•9 

19 

54.0(0 

1.51(2  8 

0.10145 

-6.17 

If .609 

1. 73*06 

6.06091 

-9 

*3 

29.500 

1.79931 

0«e02*9 

-9 

69 

59.500 

1.58303 

0.00(55 

-6,06 

IT. 000 

1.75785 

0.00052 

-9 

*2 

30.011 

1.10811 

0.10245 

-9 

61 

(0.000 

1.52471 

1.00(15 

-5.55 

12.200 

1.73771 

0.01044 

-9 

*2 

30.511 

i.nue 

0.00250 

•9 

a* 

(1.500 

1.17(37 

0**0171 

•5.03 

12.401 

1.73752 

0.0(095 

-9 

*2 

31.(00 

1.70560 

0.00255 

-9 

n 

61.000 

1.57291 

1.66697 

•5.71 

12.(00 

1.73752 

0.11(57 

-9 

*2 

11.500 

1.79*31 

0.(0200 

•9 

aa 

81.500 

1.5(451 

0*00(90 

•5.59 

12.001 

1.71715 

0.0(148 

-9 

*2 

52.000 

1. 11300 

0.102(5 

-9 

aa 

(2.101 

1.5(549 

1.0*714 

-5.47 

15.000 

1.75(95 

0.01100 

-9 

*1 

32.410 

1.10100 

0.19279 

-9 

99 

(2.501 

1.5(242 

1.10720 

-5.34 

15.200 

1.7517) 

1. 01111 

-9 

*1 

55.100 

1.10130 

0.(0275 

•9 
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4.  CONCLUSIONS  AND  RECOMMENDATIONS 

Experimental  data  on  the  refractive  index  of  alkali  halides  and  its  temperature 
coefficient  are  exhaustively  surveyed  and  reviewed.  In  addition,  a  number  of  physical 
properties  which  are  related  to  the  dispersion  phenomena  are  selected  from  the  open 
literature. 

The  distribution  of  the  refractive  index  data  among  the  twenty  alkali  halides  is 
not  even.  LiF,  NaCl,  KC1,  and  KBr  were  extensively  measured;  NaF,  KI,  CsBr,  and 
Csl  received  reasonable  care;  NaBr,  KF,  RbCl,  RbBr,  Rbl,  and  CsCl  were  scantily 
and  limitedly  observed;  while  LiCl,  LiBr,  Lil,  Nal,  RbF,  and  CsF  were  practically 
totally  ignored,  except  at  a  single  wavelength. 

The  situation  is  even  worse  in  the  case  of  the  temperature  coefficient  of  refractive 
index.  LiF,  NaF,  NaCl,  KC1,  and  Csl  were  scantily  investigated  over  a  sizable  wave¬ 
length  range;  KBr  and  KI  were  measured  only  over  a  limited  wavelength  region.  No 
observation  was  made  for  the  remaining  13  alkali  halides. 

The  purpose  of  the  present  work  is  to  generate  recommended  values  on  the 
refractive  index  and  its  temperature  coefficient  for  all  of  the  twenty  alkali  halides.  This 
objective  is  now  achieved.  Equations  (23)  to  (62)  were  constructed  by  either  least-squares 
fitting  of  the  selected  available  data  to  Eq.  (10)  or  by  correlating  the  related  properties 
and  empirical  parameters. 

Based  on  the  dn/dT  data  of  the  five  materials,  LiF,  NaF,  NaCl,  KC1,  and  Csl, 
two  interesting  facts  were  discovered  (as  discussed  in  section  2. 2)  and  used  to  predict 
the  unknown  parameters  of  Eq.  ( 19)  for  all  the  alkali  halides.  The  results  calculated 
by  the  constructed  dn/dT  formulas  agree  very  well  with  the  available  data. 

Equations  (23)  to  (62)  were  used  to  generate  recommended  values  of  n,  dn/dA 
and  dn/dT  for  bulk  materials  at  293  K;  these  are  summarized  in  Figs.  68,  69,  and  70. 

It  should  be  noted  that  the  formulas  based  on  scanty  or  null  data  are  subject  to  further 
modification  and  expansion  when  experimental  data  are  available. 

The  technology  related  to  high-power  infrared  lasers  is  progressing  rapidly  and, 
consequently,  there  is  an  increasing  need  for  determining  the  effects  that  exposures  to 
high-power  laser  beams  have  on  materials.  Among  other  things,  the  refractive  index 
of  alkali  halides  at  elevated  temperatures  are  needed.  Unfortunately,  an  exhaustive 
survey  of  the  literature,  as  in  the  present  work,  shows  that  refractive  iadioes  are  only 
available  at  about  room  temperature  and  at  a  few  specified  temperatures  such  as  that 
of  liquid  nitrogen,  liquid  helium,  etc.  In  a  limited  number  of  cases,  the  temperature 
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coefficient  of  refractive  index  has  also  been  measured  in  the  vicinity  of  room  temperature. 
Because  of  this  lack  in  high-temperature  data,  some  of  the  recent  effort  has  been  devoted 
to  obtaining  refractive  indices  at  elevated  temperatures.  However,  these  activities  are 
focused  only  on  measurements  at  a  few  spectral  lines  characterizing  the  lasers  of  inter¬ 
est.  Consequently,  our  basic  knowledge  of  the  refractive  index  at  high  temperatures 
is  still  scanty.  For  the  purpose  of  providing  useful  data  to  modern  science  and  technol¬ 
ogy,  as  well  as  for  the  future  development  of  optical  devices,  a  well-planned  and  systematic 
program  of  measurement  of  the  refractive  index  for  selected  materials,  including  alkali 
halides,  over  a  wide  range  of  temperatures  and  wavelengths  is  highly  recommended. 
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